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Lipoproteins and Atherosclerosis 


JOHN W. GOFMAN, FRANK T. LINDGREN, HARDIN B. JONES, 
THOMAS P. LYON, AND BEVERLY STRISOWER 


oo or not the pathogenesis of athero- 

sclerosis involves lipids as a_ primary 
etiologic agent, a subject of considerable con- 
troversy, there can be no question but that 
somewhere in the pathogenesis lipids become 
involved as prominent components of the actual 
lesions. Certainly no one would contest that 
this process is, at least when minimal, a focal 
process, influenced by local factors in the 
arterial wall. Nonetheless such considerations 
may all be valid without in any way being ex- 
clusive of the possibility that blood lipids in 
transport may represent the source of the lipids 
seen in atheromata. 

The authors (5, 6, 9) have presented evi- 
dence demonstrating that certain blood lipo- 
proteins are intimately associated with athero- 
sclerosis both in the human and in the choles- 
terol-fed rabbit. These studies, based upon the 
ultracentrifugal analysis of serum for its lipid- 
bearing constituents, have been carried further. 
It is the purpose of this discussion to report 
certain aspects of the progress of this particular 
research. The basic theory of use of the ultra- 
centrifuge in studies of this sort is described 
in previous publications (4, 5, 6, 9). 


Btoop Lipip TRANSPORT 


The true nature and significance of the 
state of blood lipids, such as neutral fat, fatty 
acids, phospholipids, cholesterol, and cholesterol 
esters had, in the past, been considerably ob- 
scured by the fact that most studies centered 
around the total analytically determinable lipid 
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constituent, e.g., cholesterol or cholesterol ester. 
Actually a constituent such as cholesterol, a 
cholesterol ester, phospholipid, or neutral fat 
is present as a building block in a variety of 
very large molecules (up to millions of mole- 
cular weight units). 

The particular significance of this fact is 
that from a chemical determination of a sub- 
stance such as cholesterol in the blood, one is 
not able to predict, in any particular case, how 
the cholesterol is distributed among the numer- 
ous macromolecules that may exist in serum. 
This raises the possibility of overlooking sig- 
nificant molecules, with respect to disease path- 
ogenesis, unless one is able to characterize and 
quantitate the various individual molecules 
present, no matter what the total serum level 
of a particular constituent building block may 
be, e.g., cholesterol or cholesterol ester. It is 
for the detection, on a quantitative basis, of 
these individual macromolecules bearing vari- 
ous lipids that the ultracentrifuge is especially 
useful. 


ULTRACENTRIFUGAL CHARACTERIZATION 
oF HuMAN SERUM LIPIDS 


The rate of movement (sedimentation or 
flotation) of dissolved molecules in an ultra- 
centrifugal field depends primarily upon size, 
shape, and density of the molecule and the den- 
sity and viscosity of the medium in which it 
is present. A minimum of ten distinct species 
of lipoproteins that may be found in human 
serum, differing from one another physically 
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in density of the molecule and in ultracentri- 
fugal flotation rates, have been described (9). 
Broadly the lipoproteins may be segregated 
into two major groups, the so-called low den- 
sity lipoproteins (density less than 1.063) 
and the high density lipoproteins (density 
greater than 1.063). In this study of athero- 
sclerosis attention will be confined to flotation 
of the low-density group of molecules. 

As a preliminary operation in the study of 
sera for these molecules a separation is made 
in the preparative ultracentrifuge. In this pro- 
cess a density increment is given the serum 
sample by dilution with a concentrated sodium 
chloride solution. Ultracentrifugation of this 


serum solution for thirteen hours results in 


the flotation to the top of the preparative tube 
of all lipoprotein molecules less dense than 
the solution. Also during the ultracentrifuga- 
tion all large molecules of density greater than 
the solution undergo sedimentation. Thus 
after a critical time of ultracentrifugation the 
low density group of lipoproteins will have 
collected as a layer at the top of the preparative 
tube and all the proteins and dense lipoproteins 
will have sedimented out of the top portion 
of the preparative tube. 

After the centrifuge stops, removal of the 
top fraction containing the layered low-density 
lipoproteins can be effected using a capillary 
pipette. Next the isolated low-density lipo- 
proteins (the top fraction) are studied in the 
analytic ultracentrifuge. Here the lipoprotein 
molecules are characterized and identified by 
their flotation rates. Flotation rates are given 
in S¢ units (Svedbergs of flotation) under the 
specified conditions. Usually the samples are 
centrifuged at 52,640 RPM (forces approxi- 
mately 200,000 to 250,000 x gravity) for less 
than one hour, with a series of photographs 
being taken at various stages of the flotation. 


1 St unit = flotation rate of 1 x 10°" cm/sec/dyne/ 
gm. The specified conditions for these studies refer 
to use of a sodium chloride solution of density 1.063 
gms/cc at 26°C. If runs are performed under any 
other conditions, appropriate corrections must be 
made. Spinco Model L and Model E ultracentrifuges 
were used throughout. 


A special optical system allows the moving 
boundaries of macromolecules to be observed 
and recorded while the centrifuge is in oper- 
ation. The basis for detection of these bound- 
aries is the abrupt change in refractive index 
from the region of solution containing the 
particular class of large molecules to the region 
out of which these molecules have migrated. 
The optical system records such a refractive 
index change as an inverted peak for floating 
boundaries, the area over the peak providing 
a measure of the concentration of these mole- 
cules. Thus the concentration and flotation 
rates of the large molecules present in a solu- 
tion can be determined. 
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(a) 13 


(b) 0.55 % Sr 6 


(c) 
MIXTURE CONTAINING 0.13% Se 13 & 0.55% Sr 6 
FLOTATION OF ISOLATED Ser 13, Se 6, & MIXTURE 


Fic. 1 


(a) Upper pattern showing flotation of isolated S+ 13 molecules. 
(b) Middle pattern showing flotation of isolated Sr 6 molecules. 
(c) Lower pattern showing flotation of mixture of these two lipoproteins. 


Figure 1a shows the type of ultracentrifugal 
pattern obtained for a single molecular species 
of flotation rate 13 S- units, 1b shows a single 
molecular species of rate 6 S- units, and Ic 
shows a mixture of these two species. In 
practice the low-density group of lipoproteins 
found in human serum may comprise from one 
to more than one species of components, differ- 
ing one from another in size, density, and 
chemical composition. Thus, the diagrams 


obtained may be considerably more complicated 
than the illustration of two components shown 


in figure 1c. In fact, the individual compon- 
ents may have flotation rates so close together 
as to be resolvable with difficulty. A typical 
flotation pattern illustrates the nature of the 
problem (fig. 2a). 

Knowing the type of components (three) 
which exist, it is possible to resolve such a pat- 
ten into its individual constituents. (fig. 2b). 
Figure 3 shows six illustrative ultracentrifugal 
patterns from humans in various clinical cate- 
gories. In human serum the following classes 
of lipoprotein molecules have been identified : 
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Flotation Rate Density gm./cc 


St 2 1.050 
S: 4 1.040 
St 6 1.035 
St 8 1.029 
St 10 1.023 
St 13 1.015 
St 17 0.99 
St 17— Sr 40,000 (St 40,000 represents 
chylomicrons ) * 


* This represents a series of components with suc- 
cessively higher flotation rates, but so closely spaced 
as to be difficult of resolution as discrete components. 
There may be 10’s or 100’s of such components. 


By differential preparative ultracentrifuga- 
tion, individual components have been isolated 
(10), quite free of neighboring components, 
sufficiently so that the individual species can 
be analyzed for chemical composition. Some 
protein is present in all the components (from 
St 2 up to and including the chylomicrons). 
There is approximately 25 per cent protein in 
the Ss 4 species, ranging down to approximate- 
ly 7 per cent protein in the S- 40,000 (chylo- 
microns). Cholesterol and its esters are also 
present in every one of these species, from ap- 
proximately 30 per cent in the S;¢ 4 to approx- 
imately 5 per cent in the Sp 40,000. There is 
a progressive shift to a higher proportion of 
nonesterified cholesterol in the molecules of 
the higher Sy classes. Phospholipid content 
also decreases with increasing S; rate. Neutral 
fat (glyceryl esters) are prominent constituents 
of molecules above S; 17, whereas they are 
virtually absent in those of Sy 13 and less. 


SERUM LIPOPROTEINS AND ATHEROSCLEROSIS 


Having a picture of the lipoprotein spectrum 
present in human serum, one may inquire as 
to the relation of any or all of the components 
to the development of atherosclerosis and re- 
lated disease states. If we are to consider 


cholesterol in relation to such disease, it is 
obvious that it may be pertinent to know 
whether certain classes of cholesterol-bearing 
lipoproteins are of more importance than others 
may be. 


COMPOSITE PICTURE AS OBSERVED 


(a) 


INTO KNOWN 


RESOLUTION 


baseline 


(b) 


Fic. 2 


(a) Diagram illustrating a typical flotation pattern 
observed in the ultracentrifugal analysis of the 
low-density lipoproteins of human serum. 


(b) Resolution of 2(a) into the lipoprotein com- 
ponents known to exist in human serum. 


The first clues that there may be differential 
significance to the various cholesterol-bearing 
lipoproteins came from a study of rabbits de- 
veloping atherosclerosis as a result of choles- 
terol feeding (5, 6). The normal rabbit pos- 
sesses only a single lipoprotein in this class at 
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(a) 
(b) 
(c) 
(d) 
(e & f) 
Fic. 3 
(a) Flotation, pattern of low-density lipoproteins from a normal 20 year old male showing exceedingly low 


(b) 
(c) 


(d) 
(e) 


level of Sr 10-20 molecules. Each frame is ruled for calculation of the S; rate of any peak appearing 
in that frame. In this figure as well as in those below, successive frames are at 0, 6, 12, 22, 30, and 
38 minutes after full rotor speed of 52,640 RPM has been reached. Hence S¢ rate markings may be 
used on corresponding frames in all patterns below. 

Flotation pattern of low-density lipoproteins of a 66 year old male patient following myocardial infarc- 
tion (well beyond acute phase). 

Flotation pattern of low-density lipoproteins of a 36 year old male with hypothyroidism subsequent to 
surgical therapy for Graves’ disease. 

Flotation pattern of low-density lipoproteins of a 46 year old male with the nephrotic syndrome. 

and (f) Analytic flotation pattern of two different samples run simultaneously. 

Upper pattern is that of a 38 year old male studied three months before he experienced a myocardial 
infarction (Note: Extremely high S¢ 10-20 level Six weeks beyond the acute infarction his level was 
found to be 29 mg. per cent). 

Lower pattern is that of a 38 year old normal female demonstrating very low S¢ 10-20 level. 
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appreciable concentration of S, value below 
10 units. Cholesterol (or cholesterol plus oil) 
feeding first produces a rise in the already pres- 
ent S¢ 10 (or less) lipoprotein. However, 
those rabbits developing nothing further were 
shown previously not to develop atheroscler- 
osis. The majority of rabbits go beyond this 
during cholesterol feeding and develop com- 
ponents of S- value greater than 10 units, up 
to several hundred Sy units. 

It was also shown that one composite class, 
the S¢ 10-30 class, shows a definite relation- 
ship to atherosclerosis in that higher concentra- 
tions of such molecules were accompanied by 
progressively more severe atherosclerosis, in- 
dependent of the level of the S- 10 (or less) 
concentration which had developed. Obser- 
vations made on dogs during the procedure 
of experimental production of atherosclerosis 
by the Kendall-Steiner method of feeding 
thiouracil and cholesterol (8) and in the stilb- 
esterol implantation procedure in the chicken 
(2) reveal similar series of components de- 
veloping in these species. 

In the human direct correlations of blood 
lipoproteins with extent of atherosclerotic ac- 
tivity are not so readily made for obvious rea- 
sons. However, a study of ostensibly normal 
individuals and those with atherosclerosis or 
disease states accentuating atherosclerosis do 
provide information linking certain of the lipo- 
protein molecules to development of athero- 
sclerosis in the human. 

In considering the lipoprotein pattern in 
evaluation of relationship to aging and disease, 
one is faced with the necessity of knowing 
something of the relative stability in level of 
a particular class of molecules in a single in- 
dividual from day to day or with relationship 
to meals. Our previous studies have indicated 
that the levels of molecules below 20 Sy units 
are adequately free from fluctuation to serve 
as a measure of metabolic steady state, whereas 
for molecules of progressively higher flotation 
rates (greater than 20 S,- units), the blood 
level is influenced in relation to meals variably 
from individual to individual many-fold. Thus 
whether or not the high S- group of molecules 


is related to disease, they represent a poor in- 
dicator of steady state metabolism unless some 
type of tolerance study is done. However, 
the stable character of the blood level of mole- 
cules of flotation rates below 20 Sy units 
renders it possible to characterize an individual 
in terms of his blood level of such molecules, 
independent of post-prandial lipemia effects. 

From considerations of the data obtained 
in rabbits and in humans, it seems that the 
molecules of S- 6 and less in the human are 
unlikely to be directly involved in disease pro- 
duction. However, the data presented previ- 
ously and here indicate that the molecules be- 
tween 8 S; and 20 Sy units are of significance 
with respect to atherosclerosis. Ideally within 
this group one would like to know the relative 
importance of each individual species in de- 
velopment of atherosclerosis, information 
which is not yet at hand. 

It does seem, however, that in the range 8 Sy 
units to 20 S¢ units, the minor defect (if we may 
refer to it in this manner) is the appearance of 
8 S_ molecules. Then with appreciable levels of 
Sz 8, the S- 10 class may appear in appreciable 
concentration; when Sy 10 levels are appreci- 
able S_ 13 molecules may be present; after S¢ 
13 levels become appreciable, molecules of S¢ 
13-20 may appear in quantity. We have never 
seen high levels of S- 13-20 without appreci- 
able S-¢ 13, nor high S- 13 levels without ap- 
preciable Sy 10 levels; nor S¢ 10 without Sy 8. 
However, all these molecules may be high in- 
dependent of whether S- 6 is high or low. 
Similarly in the rabbit developing atheroscler- 
osis the molecules of successively higher S¢ 
classes appear only after appreciable levels of 
the lower classes have developed. 

In this discussion we are reporting all data 
in terms of the combined blood level of lipo- 
proteins of the S- 10-20 class, the S¢ 10 itself 
being excluded. A test of the data with re- 
spect to the S-¢ 8-14 class reveals that similar 
conclusions can be drawn from this bracketing. 

The obvious implication of the association 
of the S¢ 10-30 class of molecules with rabbit 
atherosclerosis is that possibly these molecules 
themselves are those in blood transport which 
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ultimately provide the lipids for atheroma for- 
mation, and that the higher the blood level of 
sucli molecules the more extensive is athero- 
sclerotic activity, given similar local factors in 
the arterial wall. Similarly the hypothesis is 
that in humans the blood level of a similar 
class of lipoproteins (the S¢ 10-20 class) would 
be a reflection of the present activity of ather- 
oma formation. Then if this hypothesis be 
correct, the blood levels of such molecules in 
various clinical categories should parallel the 
clinical data on atherosclerosis development in 
such categories. The pertinent data are pre- 
sented graphically in figures 4 through Io. 


(a) “Normal” humans: Clinically there are 
several outstanding features about atheroscler- 
osis in the presumably normal population. 
“Presumably” is used with intent, since even 
with the absence of clinically manifest disease 
and with negative findings in a painstaking 
physical examination and history, extensive 
atherosclerosis is often present. The features 
of interest are: 

(1) The rarity of appreciable atheroscler- 
osis in pre-puberal children. 

(2) The markedly greater incidence and 
severity of atherosclerosis and its serious 
sequelae in young adult males than in young 
adult females. 

(3) The increase in atherosclerosis in- 
volvement in both male and female adults 
with aging, and the progressive obliteration 
of sex difference above the age of 40. 

(4) The observation that autopsies of in- 
dividuals dying of causes other than athero- 
sclerotic complications reveals that a high 
proportion of such individuals show appreci- 
able atherosclerosis that was not detected in 
the living. 

Paralleling these four basic observations our 
measurements of S¢ 10-20 lipoprotein levels in 
a large series of such humans reveal results 
completely consistent with the hypothesis that 
such molecules provide a measure of athero- 
sclerogenesis. 

(1) Measurements on over 50 “normal” 
pre-puberal children and infants (7) reveal 


this group to have the lowest levels of Sy 
10-20 molecules of any of the normal cate- 
gories. Atherosclerosis is rare in children 
of this age. 

(2) The data in figures 4 and 5 show that 
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PERCENT OF INDIVIDUALS WITH S; 10-20 MOLECULE 
CONCENTRATION LESS THAN ANY CHOSEN LEVEL 


Fic. 4 


Diagram illustrating the trend with age of blood levels 

of S¢ 10-20 lipoproteins in normal males 20-70 years 

of age. 

Notes: (1) The lipoprotein levels reported here 
have been revised upwards as a result 
of calibration changes as compared 
with previous data reported in reference 
5. Data in figures 5 through to are 
similarly revised. The revision in no 
way alters the interpretations given in 
that reference. 

(2) Data based upon 291 cases. 


females in the 20 to 30 age group show con- 
sistently lower levels than males in this age 
group, paralleling well their lower rate of 
atherosclerogenesis. 

(3) The data reveal a progressive rise in 
S¢ 10-20 levels in “normals” of both sexes (at 
least to age 60) and a progressive diminution 
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PERCENT OF INDIVIDUALS WITH S_ 10-20 MOLECULE 
CONCENTRATION LESS THAN ANY CHOSEN LEVEL 
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Diagram illustrating the trend with age of blood 
levels of St 10-20 lipoproteins in normal females 20- 
70 years of age. 

Note: Data based on 309 cases. 


of the difference in levels between males and 
females, both observations being in harmony 
with the above-described known observations 
on atherosclerosis in such groups. 


(b) Living individuals with atherosclerosis: 
In the absence of a clinical sequel of athero- 
sclerosis, e.g., a myocardial infarction, we have 
no way of assessing clinically either the quan- 
tity of atherosclerosis present or the rate of 
its development. As the closest approximation 
to this assessment we have chosen two groups, 
(a) patients who have survived a myocardial 
infarction and (b) patients with angina pec- 
toris who have not had an evident infarct. 
The basic pathology underlying both these 
clinical entities in the vast majority of these 
cases is atherosclerosis of the coronary arteries. 

It is true, of course, that atherosclerosis of 
the coronary arteries does not necessarily meas- 


ure quantitatively atherosclerosis of other vas- 
cular beds, and further that the occurrence of 
clinical angina pectoris or myocardial infarc- 
tion does not quantitate the degree of coronary 
atherosclerotic involvement. Nevertheless, in 
the absence of a better quantitative approach, 
it cannot be gainsaid that a group of patients 
manifesting angina pectoris or a myocardial 
infarction will on the average be expected to 
have more coronary artery atherosclerosis than 
will a group of presumably normal individuals 
of similar age and sex distribution. 

Figures 6, 7, and 8 show the comparison 
between normal people of both sexes and pa- 
tients either with myocardial infarction or 
angina pectoris. The higher levels of S¢ 10-20 
molecules in these disease categories (being pri- 
marily on an atherosclerotic basis) than in cor- 
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PERCENT OF INDIVIDUALS WITH S¢ 10-20 MOLECULE 
CONCENTRATION LESS THAN ANY CHOSEN LEVEL 


Fic. 6 


Diagram illustrating the higher levels of Ss 10-20 
molecules in males with myocardial infarction than 
in normal males of corresponding ages. 
Notes: (1) All patients with infarction were at 
least 6 weeks beyond infarction date. 
(2) Data based on 203 myocardial infarcts 
and 241 normal males. 
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= 20 


PERCENT OF INDIVIDUALS WITH S¢ 10-20 MOLECULE 
CONCENTRATION LESS THAN ANY CHOSEN LEVEL 


Fic. 7 


Diagram illustrating the higher S¢ 10-20 levels in 
females with myocardial infarction than in normal 


females of corresponding ages. 
Notes: (1) All patients with infarction were at 
least 6 weeks beyond infarction date. 

(2) Data based on 27 female myocardial 


infarcts and 139 normal females. 


responding normal people, for all ages and both 
sexes, provide a strong link in the chain of 
evidence implicating this class of molecules in 
the development of atherosclerosis in humans. 

The data as presented in figures 6, 7, and 8 
allow one to compare normal people with the 
coronary disease patients at any level of Sy 
10-20 molecules, e.g., at a level of 25 mg. per 
cent, 26 per cent of normal males are below 
this level whereas 9 per cent of patients with 
cardiac infarct are. Or, at the higher levels, 
one sees that at a high level of 80 mg. per cent 
22 per cent of males with myocardial infarc- 
tion are above this level, but only 7 per cent 
of normal people are. Thus three times as 
many infarct patients have such high levels 
as do normals. 


That some normal people have levels higher 
than many patients with clinically evident 
coronary artery disease is not surprising or 
unexpected. Indeed it would be inconsistent 
that they should not, since it is highly reason- 
able to assume that such normal individuals are 
developing atherosclerosis, provided local fac- 
tors are appropriate, but have simply not yet 
had a clinical sequel. After all, the occurrence 
of a myocardial infarction is simply a mechan- 
ical hazard along the course of evolution of 
atherosclerotic disease, and atherosclerosis can 
be full-blown without such a manifestation. 
That a small proportion of patients with angina 
or myocardial infarction show low Sz 10-20 
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Diagram illustrating the higher Sr 10-20 levels in 
patients with coronary insufficiency (as manifested by 
angina pectoris) than in normals. 


Notes: 


(1) No significant differences were found 
between the males and females in these 
groups, so the plots are composite for 
both sexes. 

(2) Data based on 63 patients with coronary 
insufficiency and 380 normals. : 
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levels is not unexpected. A few of such pa- 
tients may have a nonatherosclerotic basis for 
their disease. Others may well have had high 
levels of such molecules before the infarction 
with a subsequent drop due to dietary and 
drug manipulation subsequent to the clinical 
episode. 

Such a case in point is that of a 38 year 
old male we studied first as normal. At that 
time his S- 10-20 level was 134 mg. per cent 
(fig. 3e). Several months later he experi- 
enced a myocardial infarction and was treated 
with usual measures plus dietary restriction. 
His blood level at the sixth week after the 
episode was down to 29 mg. per cent. How- 
ever, had we not known from several pre- 
myocardial infarction studies that he had car- 
ried an exceedingly high level of such mole- 
cules, he might erroneously have appeared to 
be an exception to the rule of elevated Sy 10- 
20 lipoprotein levels accompanying athero- 
sclerosis. 


HYPERTENSION, 10-20 LIPOPROTEINS, 
AND ATHEROSCLEROSIS 


The frequency with which hypertensive pa- 
tients suffer coronary artery occlusions and the 
generally accepted clinical evidence of exces- 
sive atherosclerosis in many hypertensive pa- 
tients both suggest that hypertension may pre- 
dispose to atherosclerosis. Many have sus- 
pected that the elevated pressure per se is 
the responsible factor in accentuating athero- 
sclerosis. Yet it is well known that some pa- 
tients with severe hypertension (in terms of 
actual pressure levels) come to autopsy with 
minimal atherosclerosis. 

In an effort to evaluate the factors in hy- 
pertensive subjects responsible for excessive 
atherosclerosis we have made a comparison of 
139 patients suffering from essential hyperten- 
sion without known complications, studied be- 
cause of their hypertension itself, with 95 
cases of myocardial infarction and/or coronary 
insufficiency who happened also to have ele- 
vated diastolic pressures (100 mm. diastolic 
minimum used for these purposes). The data, 
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Diagram illustrating the higher S¢ 10-20 lipoprotein 
levels in hypertensives complicated by coronary artery 
disease than in hypertensives without such known 
complications. 


Notes: Based on 95 hypertensives with known 
coronary artery disease and 139 hypertensives 
without known coronary disease. (Age group 
41-70 years). 


presented in figure 9, show that hypertensive 
patients who have such a demonstrable man- 
ifestation of atherosclerotic disease have a 
much higher frequency of high S- 10-20 lipo- 
protein levels (and higher average levels) than 
do individuals with uncomplicated hyperten- 
sion. 

Since blood pressures were not appreciably 
different in the two groups, it would appear 
that a primary factor which resulted in ather- 
osclerotic manifestations in the hypertensive 
patients who also have demonstrable coronary 
artery disease may be their elevated S- 10-20 
lipoprotein levels as compared with the un- 
complicated hypertensive group. Further, 
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tensive patients without evident atherosclerotic 
complications who have relatively low S¢ 10- 
20 levels in spite of long duration of severe 
blood pressure elevations may explain the 
clinical observation that an appreciable seg- 
ment of the hypertensive population survives 
a long period without developing clinical se- 
quelae of atherosclerosis. 


DraBETES MELLITUS, S¢ 10-20 LIPOPROTEIN 
LEVELS, AND ATHEROSCLEROSIS 


The known frequency of severe atheroscler- 
otic complications in diabetes mellitus provides 
probably the most serious problem existing 
in the management of the diabetic patient. In 
the effort to evaluate the factor responsible 
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Diagram illustrating the higher Ss 10-20 lipoprotein 
levels in diabetics complicated by hypertension and/or 
coronary artery disease than in diabetics without such 
known complications. 

Note: Data based on 15 diabetics with vascular 
complications and 58 diabetics without such 
known complications. (Age group 41-70 
years). 


for excessive hypertensive or atherosclerotic 
vascular disease in diabetes mellitus, we have 
compared a series of diabetic patients between 
40 and 70 years of age, as yet uncomplicated 
by clinically evident vascular disease, with an- 
other series of diabetic individuals already 
demonstrating hypertension and/or coronary 
artery disease. 

The data presented in figure 10 show that 
the patients with diabetes already manifesting 
such vascular disease show strikingly higher 
St 10-20 lipoprotein levels than do diabetic in- 
dividuals without such complications. This 
would implicate the level of such molecules 
as a major factor, at least, in the development 
of vascular complications in diabetes mellitus, 
and further may shed some light on the ability 
of a certain proportion of middle-aged diabetic 
patients to live with their disease many years 
without encountering serious complications of 
atherosclerosis. 


10-20 LipoprotEIN LEVELS IN OTHER 
DisEASES ASSOCIATED WITH EXCESSIVE 
ATHEROSCLEROSIS 


Several clinical entities, including myxedema, 
xanthoma tuberosum, and nephrosis, are known 
to predispose to premature and excessive ather- 
osclerosis. 


a. Myxedema: Twelve patients with hypo- 
thyroidism or frank myxedema have been 
studied with respect to S¢ 10-20 lipoprotein 
levels (fig. 3c). In all cases very high S- 10- 
20 lipoprotein levels were observed (average 
level 132 mg. per cent). Some of these pa- 
tients showed levels in the 200 mg. per cent 
range which are far higher even than the ma- 
jority of patients with vascular disease. A 
few patients with treated myxedema studied 
initially after therapy with thyroid extract 
showed much lower levels, suggesting that the 
thyroid therapy may have reduced their levels. 
This possibility is strengthened by our own 
observations in a small series of hypothyroid 
patients being followed who are demonstrating 
drops in S¢ 10-20 levels on thyroid extract. 
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An evaluation of thyroid extract in apparently 
euthyroid individuals is in progress. In two 
children with thyroid carcinoma in whom hy- 
pothyroidism was being artifically induced by 
Farr and Robertson, classical lipoprotein pat- 
terns of the hypothyroid state were observed 
with the S-¢ 10-20 level being greatly elevated. 


b. Xanthoma tuberosum: Four patients with 
classical xanthoma tuberosum have been 
studied(12). The greatly increased atheroscler- 
osis in such patients is well known. All 4 pa- 
tients in this category showed fantastic S¢ 10-20 
lipoprotein levels in their sera, without strik- 
ing elevations in the level of the S; 6 and lower 
molecules, indicating that their abnormality is 
not simply increased levels of all cholesterol- 
bearing molecules, but rather only of those in 
special classes. 


c. Nephrosis: Ten patients manifesting the 
nephrotic syndrome showed uniformly high S¢ 
10-20 levels, some with and some without ap- 
preciable elevations of the S-¢ 6 and lower 
classes of lipoproteins (fig. 3d). 

The exceedingly high S- 10-20 lipoprotein 
levels in these three disease categories, myxede- 
ma, xanthoma tuberosum, and nephrosis, gen- 
erally with S¢ 6 cholesterol-bearing lipoproteins 
in the normal range, suggests strongly that the 
St 10-20 class of lipoproteins is more associated 
with the excessive atherosclerosis of these 
diseases than is the hypercholesterolemia often 
accompanying them. 


THE RELATIONSHIP OF S¢ 10-20 LIPOPROTEIN 
LEvELs To ToTAL BLoop CHOLESTEROL 


We have pointed out previously (5, 6) that 
molecules of the S¢ 10-20 class may be present 
at high levels in a particular patient’s blood no 
matter whether the blood cholesterol is high, 
low, or intermediate. More extensive studies 
have completely confirmed this observation. 

Since the blood cholesterol (either free or 
esterified) exists in the form of several differ- 
ent lipoproteins, it is apparent that a priori one 
cannot predict that the relative proportions of 
the several lipoproteins will remain the same 


at various levels of total blood cholesterol. In 
fact, the opposite is often true, so that in one 
serum the ratio of S; 10-20 molecules to Sy 6 
molecules may be high, whereas in another 
serum with a much higher total cholesterol level 
the ratio of S- 10-20 molecules to Se 6 may 
be quite low. So great are these variations 
that the total blood cholesterol level is valueless 
in predicting the Sr 10-20 level in a particular 
patient. 

While it is true that in general the S¢ 10-20 
level rises with elevation in blood cholesterol, 
the deviations from this rule are so frequent 
and severe that one would be grossly deceived 
by the use of the total blood cholesterol as an 
indicator for the presence of these particular 
S- 10-20 molecules. Further, the frequent oc- 
currence of high S¢ 10-20 lipoprotein levels 
with low total blood cholesterol (even below 
150 mg. per cent total) would indicate that in 
evaluation of atherosclerotic potentialities a low 
serum cholesterol may be highly deceptive in 
predicting the absence of the possibly noxious 
S¢ 10-20 molecules. 


An appreciable fraction of blood cholesterol 
is often in the S¢ 6 lipoprotein. Such sera 
may have exceedingly low levels of the S¢ 10- 
20 class, a condition which is found especially 
frequently in the sera of children and young 
adult females. Since these groups show very 
little atherosclerosis and since numerous pa- 
tients with manifest atherosclerosis show much 
lower Sy 6 levels but high S¢ 10-20 levels, we, 
tentatively at least, are of the opinion that the 
Se 6 molecule per se is not involved in athero- 
sclerogenesis. 

The common presence of S¢ 10-20 molecules 
in sera from patients with manifest atheroscler- 
osis, or with diseases predisposing thereto, in- 
dependent of the level of total serum choles- 
terol, may aid in explaining the dissatisfaction 
held by many clinicians over the apparent fail- 
ure of blood cholesterol levels to correlate well 
with atherosclerotic activity. 

Recently much attention has been paid to 
cholesterol-phospholipid ratios as indices of 
atherosclerotic activity (1). Just as with serum 
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cholesterol, the cholesterol-phospholipid ratios 
can only be satisfactorily interpreted in the 
light of the knowledge of which of various 
cholesterol- and phospholipid-bearing lipopro- 
teiis are present in a particular serum. 


Since from studies (10) on isolated lipopro- 
teins from human serum it appears that the 
entire group of low density lipoproteins (S: 4— 
St 100) show weight ratios of cholesterol to 
phospholipid of 1.0 to 1.4, whereas the high 
density lipoproteins (3) (a group not treated 
in this paper) show ratios in the neighborhood 
of 0.45, the aggregate total cholesterol to phos- 
pholipid ratio will depend upon the relative 
abundance of low and high density lipoproteins 
much more than upon the distribution among 
the low density lipoproteins, e.g., between the 
S: 6 and S¢ 10-20. Thus a person might have 
a low phospholipid-cholesterol ratio due to a 
high S¢ 6 level relative to the level of the high 
density lipoprotein group. From the low phos- 
pholipid-cholesterol ratio, some workers might 
predict a likelihood of high atherosclerotic ac- 
tivity, whereas from the absence of appreciable 
S¢ 10-20 levels we would be led to just the 
opposite conclusion. 

The evidence that suggests that low phos- 
pholipid-cholesterol ratios are common in ather- 
osclerotic patients probably results from the 
frequent occurrence of high levels of all the 
lipoproteins of the S¢ 3-100 class in such pa- 
tients. However, the phospholipid to choles- 
terol ratio fails to distinguish between the 
various components of the S¢ 3-100 class, since 
all these components have approximately the 
same phospholipid-cholesterol ratios. Thus a 
patient with a high total S- 3—S, 100 class, 
but a low S- 10-20 level, would be considered 
as high in atherosclerotic activity by some 
workers whereas we would consider such an 
individual as low in this respect. 


Again, a patient with a high S- 10-20 level 
might have a low total S¢ 3-100 level but a high 
level of high density lipoproteins with its con- 
comitant high phospholipid-cholesterol ratio. 
Such a total serum might have a high phos- 
pholipid-cholesterol ratio, indicating low ather- 
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osclerotic activity. We would consider just the 
opposite to be true. 


MopIFICATION OF THE BLoop LEVELS OF THE 
St 10-20 CLAss oF LIPOPROTEINS 


The hypothesis that such molecules as the 
St 10-20 class of lipoproteins may be the source 
of lipids in atheromata renders it of obvious 
potential prophylactic and therapeutic interest 
to understand the factors which may modify 
these levels. Changes produced by administra- 
tion of thyroid extract in certain selected pa- 
tients and caused by the combination of fea- 
tures attendant upon a myocardial infarction 
in the acute phase have already been mentioned 
above. 

As previously reported (5, 6) we have been 
investigating the effect of a low fat—low 
cholesterol dietary regimen both in a controlled 
hospital dietary group and in ambulatory pa- 
tients at home. The cumulative evidence indi- 
cates that appreciable reductions in S¢ 10-20 
levels are obtainable by the use of a diet con- 
taining 20 to 50 gm. of total fat, restricted in 
cholesterol to approximately 200 mg. per day, 
but adequate in protein. The allowance of 
vegetable fats to 100 gm. in patients previous- 
ly restricted in total fats to 20 gm. results in 
general in a rise of S¢ 10-20 levels. Thus the 
restriction of both animal and vegetable fats 
is required, independent of cholesterol intake. 
The results obtained in the hospital controlled 
series indicate that weight loss or weight gain 
did not appear to influence responses, since 
even with maintenance of weight to within +3 
pounds changes in the lipoproteins occurred 
with changes in dietary fats and cholesterol. 


The changes in levels of S¢ 10-20 molecules 
(and in those of the S-¢ 8-10 class) observed 
in dietary restriction may or may not be ac- 
companied by appreciable changes ‘in total 
serum cholesterol. Thus a two-fold lowering 
of lipoprotein levels may be observed with a 
much lower percentage alteration in serum 
cholesterol level. This should be understand- 
able in the light of the preceding discussion 
concerning the numerous types of cholesterol- 
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bearing molecules present in serum. The fact 
that serum cholesterol may not drop appreci- 
ably by dietary cholesterol reduction has prob- 
ably been the source of discouragement in the 
clinical application and evaluation of efficacy 
of such dietary restriction in atherosclerosis. 
However, twofold drops in S¢ 10-20 lipopro- 
tein levels seen in dietary restriction even with- 
out large concomitant serum cholesterol drops 
render such evaluation essential. 

Dietary response is variable from individual 
to individual, some showing very little response 
to 35 to 50 gm. fat diets at home. It must, 
however, always be considered that until such 
apparently refractory patients have been tested 
under controlled conditions one cannot truly 
claim the patient to be refractory. The ad- 
vertent and inadvertent errors in dieting by 
the patient eating at home are discouragingly 
frequent. Further, the necessity for careful 
instruction concerning what a low fat diet 
really means is frequently overlooked. It is 
more important that the patient know what he 
can eat rather than merely what he cannot eat. 
It is yet too early to make any definite state- 
ment as to clinical efficacy of such dietary re- 
striction. 


INTERRELATIONSHIPS AMONG THE VARIOUS 
LIPOPROTEINS 


An ultimate understanding of the mechanism 
of maintenance of the blood levels of the var- 
ious lipoproteins is obviously the goal which 
is to be striven toward in the effort to gain 
an insight into the nature of the defect which 
results in abnormal elevations of such mole- 
cules as the S;- 10-20 class in certain individ- 
uals. All the serum lipoproteins should be re- 
garded as in transit, the steady state blood 
levels of any particular molecule being the re- 
sult of balance between rates of influx of that 
molecule into serum and its rate of disappear- 
ance from serum to whatever sites of ultiliza- 
tion, storage, or destruction. Hormonal in- 


fluences obviously suggest themselves from 
such observations as the male-female differ- 
ences in levels, from abnormal and often very 


high S¢ 10-20 levels seen in the pregnant female 
(11) as contrasted with the nonpregnant fe- 
male of the same age whose levels are generally 
very low. 

Certain patterns are becoming clarified as to 
interrelationships of the various molecular 
levels. Those individuals with low levels of 
Ss 10-20 lipoproteins generally, although not 
always, show very low levels of all the lipo- 
proteins in the S¢ 20-100 class as well (fig. 3a). 
Individuals who show high levels of S¢ 10-20 
molecules (and also S¢ 8-10) quite often show 
in addition appreciable levels of the lipopro- 
teins of the S,20-100 class. On the other 
hand, in some patients very high S- 10-20 levels 
are observed without accompanying high levels 
of molecules of S¢ 20-100. The S¢ 30-100 
class of molecules is acutely influenced (in mat- 
ters of hours) following high fat meals, but 
to a variable degree in different individuals. 

It would appear that the defect involved in 
the maintenance of high levels of these Sy 
10-20 molecules, which are related to athero- 
sclerosis, represents one facet of what may be 
a general disturbance in the overall metabolic 
pattern of handling fats and cholesterol, at 
least in so far as the blood transport mechan- 
ism is concerned. A more penetrating under- 
standing of this disturbance requires further 
clarification of the interrelationships, source, 
and site of removal of all the various classes of 
lipoproteins involved. 


SUMMARY 


1. Serum lipid transport is describable in 
terms of a group of lipoprotein macromolecules 
of differing physical properties and chemical 
composition. Certain of these lipoproteins (the 
S_ 10-20 class—and the S,- 8-10 class) are as- 
sociated with human atherosclerosis. 

2. While total serum level of any one of 
the lipid constituents, e.g., cholesterol or phos- 
pholipids, is determined by the presence and 
amount of the individual lipoprotein molecules, 
the converse is not true. Thus the serum total 
cholesterol is of no value in predicting the 
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level of the S- 10-20 class of lipoproteins for 
any particular individual. 

3. Patients with myocardial infarction or 
angina pectoris show consistently higher levels 
of such molecules than do apparently normal 
individuals. 

4. Hypertensive patients who have coronary 
artery disease (presumably atherosclerotic in 
origin) show higher S¢ 10-20 levels than do 
individuals with uncomplicated hypertension. 

5. Diabetic patients with vascular disease 
(hypertension and/or coronary artery disease) 
show higher levels than do diabetic individuals 
who do not show these complications. 

6. Dietary restriction of total fats plus 
cholesterol slowly reduces the level of S¢ 10-20 
molecules, the extent and rate of reduction 
being variable from patient to patient. 

7. The presence of the S¢ 10-20 class of 
molecules in high concentration is noted in such 
diseases as myxedema, nephrosis, and xantho- 
ma tuberosum where atherosclerosis is exces- 
sive. 

8. The factors influencing the level of Sy 
10-20 lipoproteins and the observed relation- 
ships to other lipoproteins of serum suggest 
a general metabolic disorder in fat and choles- 
terol transport associated with the presence 
of this particular group of molecules that are 
involved in atherosclerosis. 
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Assessment of Physiologic Age by Combination of 
Several Criteria—Vision, Hearing, Blood Pressure, 
and Muscle Force 


I. M. MURRAY 


T is well known that chronologic age is not 
necessarily the same as physiologic age. 
Physiologic age implies an assessment of the 
functional capacities of an individual by refer- 
ence to standards derived from healthy persons 
of the same chronologic age as the person who 
is being tested. It is of course necessary to 
choose such physiologic functions that change 
demonstrably with chronologic age. 
Various observers have demonstrated rela- 
tionships between age and the following physi- 
ologic functions: 
1. Range of visual accommodation—reduced 
with age (1, 7). 

2. Auditory acuity—reduced with age (3, 
4). 

3. Systolic blood pressure—increased with 
age (10, 12). 

4. Sensitivity of the dark-adapted eye—re- 
duced with age (2, 5, II). 

5. Hand grip—strength reduced with age 
(6, 16). 


Because these physiologic functions are 
not closely related to each other and because 
they vary in their rate of aging, no one func- 
tion would give an adequate index of physio- 
logic age. 

It seems reasonable to assume that a method 
that would in some way combine the various 
physiologic functions would give a more useful 
assessment of the individual. Assessment of 
aging in the individual as a biologic unit, how- 
ever, cannot be made on physiologic functions 
alone, but by combining them with anatomic 
and psychologic observations. Such a method 
would give an assessment of biologic rather 
than physiologic age. 

The investigation here reported represents an 
effort to discover a method of combining the 


foregoing five physiologic criteria—a method 
that could be extended to incorporate as many 
criteria as might be desired. 


MATERIAL AND METHODS 


Thirty-eight men, aged 21 to 84 years, from 
business and professional classes, including 4 
university students, formed the major part 
of an exploratory x-ray survey of age changes 
in bones and joints now being carried out in 
the Dalhousie University Anatomy Depart- 
ment. As parc of the survey, the five physio- 
logic functions mentioned above were tested. 
The men were originally selected so that the 
ages would be fairly evenly scattered through 
the third to the eighth decade. 

Detailed clinical histories of all subjects 
were recorded and serologic reactions of the 
blood for syphilis were all negative. It was. 
however, impracticable to make a thorough 
clinical examination of each subject because 
most of the men were members of the public 
who had generously volunteered for several 
time-consuming attendances in the x-ray divi- 
sion of the Anatomy Department. Therefore 
the term “healthy” as applied to them would 
mean “symptomless.” (One subject had been 
under treatment for prostatic cancer four years 
previously.) For this reason and also because 
the sample was too small and not representative 
of the social and occupational classes of the 
population, it should not be assumed that the 
figures that will be given later represent a 
standard. Their purpose is merely to illustrate 
a method by which standards may be found. 


TEstTS 


All the tests on all subjects were conducted 
by the writer, and the subjects were called in 
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from Dalhousie University in 1944. From 
1944-1946 he served in the R.C.A.M.C., from 
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1948-1950 was assistant professor of anatomy 
at Dalhousie University. At present Dr. Mur- 
ray is assistant professor of anatomy at the 
State University of New York College of Med- 
icine; his chief scientific interests are the physi- 
ology of aging and errors in blood counting. 


for testing in strictly random order, as deter- 
mined by a table of random numbers. 


Range of visual accommodation.—Instru- 
ment: Prince’s rule and a Snellen’s test type 
card. Procedure: One end of the rule was 
placed against the cheek below one eye, while 
the other eye was completely covered. The 
test card, attached to the rule by a sliding 
mechanism, was moved toward the eye until a 
point was reached where the print became 
blurred. The distance (in centimeters) from 
the cheek to the test card was recorded as the 
subject’s near point. The card was then moved 
along the rule away from the eye until the 
same type again became blurred. This dis- 
tance on the rule from the cheek to the test 
card was recorded as the subject’s far point. 
The range of accommodation was recorded as 
the average range of both eyes. 


Auditory acuity—Instrument: Maico audi- 
ometer, model D-9. Procedure: Air conduc- 
tion was tested in each ear over II frequencies 
from 64 to 11,584 cycles per second. At each 
frequency a reading was made of the minimum 
intensity (in decibels) at which the subject 
could hear the sound. As is customary, the 
difference between this reading and zero dec- 
ibels was taken to represent the loss in auditory 
acuity. This loss was summated for all fre- 
quencies in each ear and the average of both 
sums was found. 


Systolic blood presswre.—Instrument: Mer- 
cury sphygmomanometer. Procedure: Blood 


pressure determinations were always made 25 
to 30 minutes after the subject’s x-ray exam- 


ination of bones and joints. Systolic and dias- 
tolic blood pressure readings were made from 
the left arm with the subject in the sitting 
position. A second reading was made after 
a similar x-ray procedure two to three weeks 
later. The average of the two systolic readings 
was used as the subject’s systolic blood pres- 
sure. 


Sensitivity of the dark-adapted eye —Instru- 
ment: Crookes’ adaptometer, model No. 8. 
Procedure: Each subject was seated in a com- 
pletely dark room for thirty-five minutes be- 
fore the test. Following this period of dark 
adaptation the subject faced the test object 
(an arrow of light) a constant distance (two 
feet) from his eyes. The brightness of the 
test object was gradually reduced by means 
of neutral density filters and crossed polaroids 
until a point was reached when the subject was 
unable to orientate the test object. Binocular 
vision was used for the test and the actual 
time of testing was ten to fifteen minutes. 
Brightness was measured in micro-microlam- 
berts and the subject’s final threshold reading 
was taken forty-five to fifty minutes from the 
beginning of dark adaptation. Subjects with 
visual acuity under 20/60 were corrected for 
the test, and the loss of light by reflection and 
absorption of the lenses, approximately 10°” 
micro-microlamberts, was subtracted from the 
final threshold. 


Hand _ grip.—Instrument:  Collin’s hand 
dynamometer. Procedure: The strength of 
hand grip measured in pounds was found for 
right and left hands. The average measure- 
ment of both hands was taken as the subject’s 
strength of hand grip. 


PuysIoLocic FUNCTION CORRESPONDING 
TO AGE 


The relationship between physiologic func- 
tion and chronologic age is commonly presented 
by expressing values of the function at differ- 
ent ages. The usual way of doing this was 
exemplified by Ulfland’s (16) statement of 
mean strength of hand grip for adults in each 
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decade above 20 years. A more satisfactory 
form is an equation showing regression of 
physiologic function on age—a standard statis- 
tical procedure, which however, is seldom 
found in gerontologic literature. 

Sometimes a correlation coefficient is given; 
for example, Robertson and Yudkin (11) 
found the coefficient of correlation between 
age and final rod threshold to be +0.56. This, 
being significant, shows that the relationship 
can to some extent be expressed as a straight 
line, but it does not make allowance for curvi- 
linearity which in many published graphs ap- 
pears very obvious. 

On the 38 men the following coefficients 
of correlation with age were found for each 
of the five physiologic functions: 


r 
Range of visual accom- 


modation —0.7587 
Loss of auditory acuity +0.8290 
Systolic blood pressure +0.4834 
Visual threshold of the 

dark-adapted eye +0.7203 
Strength of hand grip —0.6621 


All coefficients are highly significant (P < 
0.01). Fisher’s test of significance (8, sect. 
35) showed that there was no significant dif- 
ference between the coefficient 0.7203 and 
Robertson and Yudkin’s coefficient of 0.56 
mentioned previously. Chieffi and Kirk (5) 
observed a coefficient of +0.41 between age 
and adaptation time. No coefficients were found 
in the literature for comparison with the others 
in the foregoing list. 

To display curvilinearity of regression (8, 
sect. 25) an equation was found for each of 
the five physiologic functions. Each equation 
contained age and the square of age, and in 
no instance did the cube of age give a signifi- 
cantly better fit. The regression equation 
showing the relationship between range of vis- 
ual accommodation and age was: 


Y = 7.5646 — 0.3982 (a1 — 3.4658) + 
0.00052005 (a, — 327.6897). 


The actual values of the ages and the physi- 
ologic functions, when squared and cubed, 
proved too unwieldy even for a calculator that 
would take ten-figure numbers. For this rea- 
son the ages and the values for all the physi- 
ologic functions, with the exception of sensitiv- 
ity of the dark-adapted eye, were coded, i.e., 
reduced by an appropriate amount. 

In the above equation the dependent variate 
Y = range of visual accommodation (cm. — 
20); a1 = age (years — 50); a, = (a,)’; 
mean observed value for range of accommoda- 
tion = 7.5646 (cm. — 20) ; standard error of 
the estimate = 6.3218 cm. 

For each individual the departure from ex- 
pected physiologic function (Y) was found as 
in the following example: Subject No. 1.— 
Y = —5.4089 (cm. — 20); actual range of 
accommodation = —9.50 (cm. — 20); dif- 
ference / S.E. of estimate = +4.09/6.3218 
= +0.647. By convention a plus sign was 
used to indicate that the observed range of 
accommodation was appropriate to an older 
person, a minus sign the opposite. The same 
procedure was followed for each of the five 
functions and therefore each subject had five 
ratios. 

It will be recalled that the object of the in- 
vestigation was to find a method of combin- 
ing the assessments and therefore the question 
was: Would one be justified in summating 
these ratios for assessment of physiologic age? 
This would, however, imply the assumption 
that all the physiologic functions should have 
equal weight in determining physiologic age 
and there is no basis for such an assumption. 
Alternatively, if blood pressure should receive 
greater weight than hand grip, the question 
would be: How much greater weight? 


There is another objection to the use of these 
individual equations, namely, that they do not 
eliminate the possibility of interrelationships 
between the various physiologic functions. If, 
for example, there were a relationship between 
blood pressure and hand grip due to the effect 
of a more adequate blood supply to a muscle, 
an increased strength of hand grip might re- 
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sult. In the expression derived from hand 
grip there would be included some effects of 
blood pressure. 

For these reasons the method was not pur- 
sued further and attention was turned to an- 
other method of expressing the relation of age 
to physiologic function. 


AGE CORRESPONDING TO PHYSIOLOGIC 
FUNCTION 


The type of equation required was one that 
would eliminate possible interrelationships be- 
tween the various physiologic functions and at 
the same time give each function its proper 
weight. The equation that would best meet 
these specifications was a multiple regression 
equation (13, sect. 13.12) combining the five 
physiologic functions. 


Y = 3.465789 —0.155269(x, — 6.355263) 
—0.0153716(x, — 127.1250) 
+76.686385 (x; — 3.485526) 
—9.321200(x, — 12.283882) 
+1.268605(x; — 1.154474) 
—0.0405237 (X,—94.656666 ) 
+0.0362998 (x, — 2.355263) 
—0.00321828(x, — 328.822- 
368) —0.122417 (xX, — 6.513- 
158) + 0.00170118(x,, — 
310.006579) 


Y = estimated physiologic age (years — 50). 

x, = range of visual accommodation (centi- 
meters — 20); x, = (x,)?. 

x, = threshold of the dark-adapted eye 
(micro-microlamberts ) ; x, = (x;)*. 

x; = loss of auditory acuity (decibels — 20) ; 


X_ = (x;)?. 

X; = systolic blood pressure (millimeters of 
mercury — 130); xX, = (x;)’. 

X, = strength of hand grip (pounds — 50); 


Xio = (Xp)’. 


The mean observed age was +3.465789 (years 
— 50), i.e., 53.465789 years. 

The physiologic age of each subject was cal- 
culated from this equation and the differences 
between physiologic and chronologic ages are 


shown in table 1. (The numerous decimal fig- 
ures, carried up to this stage to avoid risk of 
gross error, could now be eliminated. ) 

By convention a minus sign indicates that a 
subject was younger, by estimated physiologic 
age, than was indicated by the calendar; a plus 
sign indicates the reverse. 

In table 1 the number of negative differences 
is 20 and the number of positive differences is 
18. It seems as if there might be an excess 
of negative values among the older men, but 
when the men were classified with age 50 as 
arbitrary dividing line, the distribution was: 


Over 50 Under 50 Total 
Negative 13 7 20 
Positive 9 9 18 


From tables of binomial confidence limits 
(9) it can be shown that 7 out of 20 is not 
a significant minority; and a chi square test 
showed no significant difference in proportions 
of negative and positive values between the 
two age groups. 

A more sensitive test of the randomness of 
any observed grouping of consecutive positive 
and negative deviations (14) indicated that the 
grouping of negative and positive differences 
throughout the whole series, as well as in the 
groups above and below 50 years, could be ac- 
counted for by chance. Therefore, as far as 
could be shown, the equation was equally ap- 
plicable at all age periods. 

In this series of men the standard error of 
estimated physiologic age was + 7.35 years. 
Taking the usual confidence limits of twice the 
standard error, a man would not be judged 
physiologically older or younger unless his 
physiologic age differed by more than + 14.7 
years from his chronologic age. 

If many more physiologic, anatomic, and 
psychologic criteria with a larger number of 
subjects were used, a smaller variation might 
be found, but it is quite possible that adults 
do vary as much as this, ie., that different 
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TABLE I. COMPARISON OF CHRONOLOGIC AND PHysIOLoGic AGEs. 


SUBJECT PHYSIOLOGIC CHRONOLOGIC DIFFERENCE 
No. AGE (P) AGE (C) 
1 79.4 84.1 — 4.7 
2 70.8 77.0 — 6.2 
3 71.0 73.3 — 2.3 
4 69.6 73.2 — 3.6 
5 62.3 72.6 —10.3 
6 71.3 70.8 + 0.5 
7 66.4 71.1 — 4.7 
8 72.9 70.5 + 2.4 
9 68.5 68.9 -— 0.4 
10 68.4 69.1 — 0.7 
11 | 65.1 67.2 — 2.1 
12 | 66.700 66.715 | 0.015 
13 54.9 70.7 | —15.8 
14 62.3 66.4 | — 4.1 
15 | 74.6 64.6 | +10.0 
16 | 70.6 64.3 | + 6.3 
17 | 71.1 60.1 | +11.0 
18 61.8 59.5 | + 2.3 
19 | 54.9 58.4 | — 3.5 
20 64.9 57.8 | +71 
21 | 61.0 57.0 + 4.0 
22 | 53.8 52.9 | + 0.9 
23 43.7 45.6 | -— 1.9 
24 | 44.9 44.4 | + 0.5 
25 | 41.5 44.7 | ~ he 
26 | 40.0 43.8 | — 3.8 
27 34.7 40.2 | — 5.5 
28 | 30.5 40.7 | ~10.2 
29 | 32.7 38.6 | — 5.9 
30 | 38.5 36.7 + 1.8 
31 48.4 35.4 | +13.0 
32 | 39.9 34.6 | + 5.3 
33 | 34.4 32.7 | + 1.7 
34 | 25.7 28.9 | — 3.2 
35 24.7 24.5 + 0.2 
36 29.9 22.1 | + 7.8 
37 | 26.7 21.3 | + 5.4 
38 | 32.6 21.3 +11.3 


healthy persons differ to this extent in their 
rates of aging. 

As with most biologic phenomena, the true 
distribution above and below the expected 
values would probably be skewed. Instead of 


using a multiple of the standard error, there- . 


fore, the percentile method of recording varia- 
tion would be desirable, as it is used in assess- 
ment of body weight (15). 

In the equation used here, the squares of 


the physiologic functions were introduced be- 
cause graphs suggested a curvilinear relation- 
ship. In this preliminary survey, no higher 


powers were used because even with squares 
the computation was beyond the ordinary limits 
of the calculating machine. 

In any large-scale investigation for assess- 
ment of aging, it would be necessary first of 
all to express age in terms of each physiologic 
function separately, using the square, cube, aud 
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higher powers of the function to make the best 
estimate for each age. When this had beer 
done, the physiologic functions with their 
squares or appropriate higher powers would 
be combined in a multiple regression equation 
as shown previously. Age, the dependent vari- 
ate, would have to be unselected. 


SUGGESTIONS FOR FUTURE INVESTIGATIONS 


The weakness of the multiple regression 
method as employed in the present investiga- 
tion arises from the fact that the men were 
selected so as to provide a fairly equal number 
in each decade, and “a selection of the depen- 
dent variate may change the regression line 
altogether” (8, sect. 25). 


Therefore in order to obtain a regression 
equation applicable to a particular population, 
2 random sample of that population would be 
necessary. It is obviously impossible to get 
a random sample of the general population. 
Such samples are sometimes obtained from 
large industrial groups and the question would 
be: If standards were based on a survey of 
such group, would one be justified in applying 
these standards when assessing age in the gen- 
eral population? One important objection is 
that, in industrial groups, few people are found 
over the age of 65 years. Another objection 
is that prematurely aged subjects in industry 
tend to leave for less strenuous occupations. 
Standards obtained from a survey of such a 
group, therefore, would only be applicable to 
similar industrial groups. 

Random samples taken from policy-holders 
of life insurance companies may be more repre-- 
sentative of a large section of the general popu- 
lation than samples of any other specific group. 
Standards for the assessment of aging obtain- 
ed from such a survey could be applied to ap- 
plicants for life insurance, and standards de- 
rived from persons accepted for insurance pur- 
poses might be applied to patients in clinical 
medicine. Certainly such assessments, if they 
could be made, would be very desirable. For 


example, a neurosurgeon remarked that, before 


operating on a man for brain tumor, he wished 
he could tell how old the man really was. 

Whether an assessment of biologic age would 
be useful in predicting longevity or premature 
physical and mental disability could only be 
answered by long-term studies. 


SUMMARY 


1. Assessment of physiologic age in an in- 
dividual cannot be made on the functional 
capacity of any one physiologic system, but 
only by combining the various physiologic 
functions that show change with age. 

2. The usual methods of expressing age in 
terms of physiologic function do not enable one 
to combine the various functions to give a 
single index of physiologic age. 

3. A method is presented for assessing physi- 
ologic age in an individual based on the ex- 
amination of five physiologic functions in a 
sample of 38 men between the ages of 21 and 
84 years. Age is expressed in terms of a com- 
bination of the five physiologic functions and 
the squares of those functions. The method 
is applicable when the chronologic ages are 
randomly selected and can be used with an un- 
limited number of physiologic, anatomic, and 
psychologic criteria, to give an assessment of 
biologic age. 

4. The distribution of the deviations between 
the estimated physiologic ages and the chron- 
ologic ages of the 38 men are recorded. So 
far as could be shown, the equation was equally 
applicable at all age periods. The standard 
error of the estimated physiologic age was 7.35 
years and the question is raised whether one 
would expect to reduce this variation with a 
larger sample and by testing many more fea- 
tures. 

5. Random samples of life insurance policy- 
holders may be more nearly represenative of 
a large section of the general population than 
samples from any other specific group. Stan- 
ards based on such a sample could be used in 
assessing applicants for life insurance and also 
might be applicable to patients in clinical med- 
icine. 
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6. Predictions of premature physical and 
mental disability or longevity, based on assess- 
ment of biologic age, must await the test of 
time. 


The Dalhousie Study of Aging, of which this paper 
is part, was initiated by a large grant from the John 
and Mary R. Markle Foundation and has been con- 
tinued by grants from the Division of Medical Re- 
search of the National Research Council of Canada. 


The guidance of Dr. Donald Mainland, now Pro- 
fessor of Biostatistics, New York University, who 
originally suggested the two alternative methods of 
assessment discussed in this paper, and the help of 
the National Research Council’s Committee on Ap- 
plied Mathematical Statistics are acknowledged. The 
two alternative methods were presented for discussion 
in a meeting of the Committee at which Professor 
R. A. Fisher was present. Professor Fisher recom- 
mended the use of the multiple regression technique, 
and during the subsequent course of the work Dr. 
J. W. Hopkins, the Secretary of the Committee, gave 
further valuable advice. 
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Studies in Experimental Atherosclerosis 


Il. Biochemical Effect of Intravascular Injection of Cholesterol 
Sols Into Animals 


OTAKAR J. POLLAK AND BELLA WADLER 


- various reasons, cholesterol suspensions 
were injected into experimental animals sub- 
cutaneously (8, 10, 15, 26, 28), intraperitoneal- 
ly (9), or into various parts of the eye (23). 
Of the scientists who introduced cholesterol 
into blood circulation, two injected into the 
portal vein (6, 27), while all the others used 
one of the peripheral veins (1-7, 11-14, 16-22, 
24, 25). Rabbits, rats, cats, dogs, and even 
human beings were injected with cholestero! 
sols or with preparations containing cholesterol. 
Curiously, not all of the investigators recorded 
blood chemical changes after intravascular in- 
jections. We find it advisable to review all 
reports for nowhere can a survey of these 
experiments be found in the literature. 


HistToricaL DATA 


The majority of scientists reported reversible 
blood cholesterol rise after intravascular in- 
jection of cholesterol sols. Such observation 
was made by Deicke (7), regardless of whether 
a single or multiple intravenous injections of 
cholesterol in olive oil or of a hydrosol were 
made into rabbits. Kaufer (14) recorded a 
temporary rise of the blood cholesterol of 
rabbits immediately following intravenous in- 
jection of a 3 to 5 per cent cholesterol hy- 
drosol. 

Injection of a similar preparation into the 
jugular vein of cats resulted, according to 
Dahmlos (6) and to Stuber (25), in a lipemia 
which lasted six hours. Kendall (16) and 
Bevans, Abell, and Kendall (2, 3), who in- 
jected rabbits intravenously with 2.5 per cent 
cholesterol sol stabilized with sodium stearate, 
demonstrated a sharp increase in blood chol- 
esterol ten minutes after injection, a gradual 
decrease within six hours, a second but less 


marked rise after twenty-four hours, and a 
return to the initial blood level within seventy- 
two hours after injection. The initial peak 
was 250 to 300 mg. above the base level, while 
after six hours the cholesterol value was 100 
to 150 mg. above the norm. During the period 
of fall of the curve for free cholesterol there 
was a moderate rise in cholesterol esters. 
Similar observations were made by Byers 
and Friedman (1), who injected rats intra- 
venously with cholesterol in a mixture of lauric 
acid and lactic acid in a dose of 20 mg. per 
100 Gm. body weight. In their series, the 
level of free cholesterol rose sharply within 
fifteen minutes and slowly returned to normal 
within thirty-six hours after injection. 
Chamberlain (5) found that three to forty- 
eight hours after intravenous injection of 150 
to 250 mg. of cholesterol-oleic acid suspension 
the blood cholesterol levels of rabbits averaged 
50 per cent more than prior to injection. 
Nomura (19) observed a rapid rise and a slow 
fall of blood cholesterol in man upon intra- 
venous injection of “yanol,” a mixture of but- 
ter, cod liver oil, and lecithin. Hirsch (11) 
could double blood cholesterol levels of rabbits 


_by weekly intravenous administration over a 


period of months of human fat with added 
cholesterol, or of human fat with oleic acid, 
or of a fat mixture. 

Horlick, Feldman, and Katz (12), who in- 
fused hypercholesteremic blood plasma from 
one series of chickens to another, plotted curves 
which showed a fast rise of blood cholesterol 
within fifteen minutes and a slow return to 
the original level within twenty-four hours. 
The speed at which cholesterol disappeared 
from the blood stream was directly propor- 
tional to the height of the cholesterol value. 
The ratio between free and esterified cholesterol 
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remained normal throughout their experiment. 

In sharp contrast with such data seem the 
reports of Cashin and Moravek (4) on a 20 
to 60 per cent drop of the blood cholesterol 
level of cats one hour after intravenous injec- 
tion of a cholesterol-lecithin mixture. In var- 
iation with the majority of reports was also 
the communication of Remesov (21), who 
produced a fourteen day lasting hypercholes- 
teremia in rabbits by intravenous injection of 
5 mg. of dialyzed cholesterol suspension per 
Kg. body weight and in dogs by injection of 
50 mg. per Kg. body weight for ten days. 
Leites (17, 18) and Derman and Leites (8) 


injected dogs intravenously with a modified. 


Porges-Neubauer (20) cholesterol suspension 
but failed to report changes in the blood chol- 
esterol level. A similar suspension injected 
repeatedly to rabbits by Dewey (9) did not 
influence the blood cholesterol. 

Leites (17, 18) concluded that cholesterol 
was absorbed in the lungs and spleen where a 
split of lipoids took place in the course of his 
experiments. Remesov and Tavaststyerna 


(22) ascribed lasting hypercholesteremia to 
inhibition of lipase by cholesterol. They saw 
in the cholesterol—cholesterol ester ratio a 
real buffer system which is held in constant 


equilibrium and is destined to protect the or- 
ganism against saturation with free cholesterol. 
The two protective mechanisms were thought 
to be esterification and rapid excretion of free 
cholesterol. Deicke (7) attempted to explain 
the differences in the findings of various in- 
vestigators by the variable individual reactivity 
of experimental animals. 


EXPERIMENTAL 


The contradictory reports concerning blood 
cholesterol levels after intravenous injection 
of colloidal cholesterol warranted renewed in- 
vestigation of the problem. As our experi- 
ments were primarily designed to study ana- 
tomic alterations induced by intravascular ad- 
ministration of cholesterol sols, the amount of 
cholesterol introduced by us into rabbits was 
mostly too small to influence the blood chol- 
esterol level. This resulted in elimination of 
a number of animals from this report. 

The average weight of 50 rabbits of the 
same breed whose blood was analyzed before 
and after intravascular injection of cholesterol 
sols was 2.5 Kg. The average total amount 
of cholesterol injected was 100 mg., that is, 
40 mg. per Kg. of body weight. There were 
but moderate deviations from the average 
values in the series of rabbits selected for this 
analysis. 


Series No. 1. A single intravenous injection 
was given to 32 rabbits. In blood samples 
withdrawn immediately upon completion of the 
injection, within thirty seconds, the cholesterol 
value was always 20 per cent below the initial 
level. Five minutes after injection the value 
equaled that ascertained before injection. After 
fifteen minutes, the blood cholesterol level was 
8.5 per cent above the base value. It was 20 
per cent above the initial value in samples 
secured twenty and sixty minutes after in- 
jection. 


Series No. 2. Ten rabbits were injected 
twice. The amount of cholesterol administered 
was divided into two equal doses. Blood was 
drawn after the second injection only. At 


fir 
te 
Vi 
fir 
in 
in 
th 
je 
to 
fin 
an 
sit 
we 
wi 
se 
th: 
dit 
tw 
tal 
co 
ch 
tal 
ha 
mc 
pe 
inj 
Th 
up 

in 
ral 
ho 
day 
sol 
ser 
thi 
19: 
we 
wit 

or 
0.0 

of 
mil 
hei 


CHEMICAL EFFECT OF CHOLESTEROL INJECTION 129 


first, the cholesterol curve resembled that plot- 
ted after a single injection. The cholesterol 
value was 20 per cent below the base line 
five minutes after the injection and still 13.5 
per cent below the norm fifteen minutes after 
injection. The initial value was reached with- 
in twenty to thirty minutes. From now on, 
the curve differed from that after single in- 
jection. The blood cholesterol value climbed 
to 20 per cent above the norm within forty- 
five minutes, to 40 per cent in sixty minutes, 
and it was 50 per cent above the initial value 
six hours after the injection. The results 
were the same whether the second injection 
was given one, twenty-four, forty-eight, or 
seventy-two hours after the first one. 


Series No. 3. Eight animals were injected 
three to four times. The results were quite 
different from those observed after one or 
two administrations of cholesterol. Blood 
taken seven minutes after the third injection 
contained on the average 40 per cent more 
cholesterol than before the injection. Blood 
taken fifteen minutes after the fourth injection 
had, in 4 rabbits, on the average 80 per cent 
more cholesterol than at the onset of the ex- 
periment. Seven days after the third or fourth 
injection of cholesterol sols, the blood level 
was twice as high as prior to the injections. 
The total increase of blood cholesterol equaled 
up to 75 per cent of the total amount injected 
in three to four doses. In one-half of these 
rabbits, injections were given twenty-four 
hours apart, and in the other half, five to nine 
days elapsed between the injections. 


All rabbits were injected with cholesterol 
sols for which partly deproteinized rabbit 
serum was used as stablizer (see article 1 of 
this series, Journal of Gerontology, 6: 1-6, 
1951). The results of blood chemical analyses 
were essentially the same whether a suspension 
with “coarse” particles measuring 0.2 to 0.4 p 
or a “fine” suspension with micels measuring 
0.02 to 0.04 p were injected. In each group 
of animals results were uniform. All deter- 
minations were made by the Sperry-Schoen- 
heimer method. 


ANALYSIS 


The biochemical effect of the introduction 
of cholesterol into the blood stream attracted 
much attention. Evaluation of results of var- 
ious investigators is difficult because of the 
many variants entailed in their experiments. 
There are differences in the cholesterol sols 
and other colloidal preparations used for in- 
jection. There are variations in doses, in the 
intervals between injections, in the number of 
injection, in the duration of the experiments, 
and finally, in the animal species studied. 

By comparison with experiments of others, 
the quantity of cholesterol we introduced into 
the circulation of rabbits was small. The 
average dose we used was 40 mg. per Kg. 
body weight. A maximum of four injections 
was given to a rabbit of our series. The ex- 
periment did not extend over two weeks. 
Other investigators injected over months or 
beyond one year; the number of injections 
was commonly very great and the total dose 
of cholesterol large. 

Our observations confirmed many of the 
previous claims. Intravenous injection of 
cholesterol sol was always followed by an im- 
mediate drop of the blood cholesterol level, 
suggesting absorption of the cholesterol by 
tissues, possibly the vessel wall. This phase 
lasted in our experiments from five to fifteen 
minutes. After this time, cholesterol reap- 
peared in the blood stream and this seemed 
indicative of resorption of cholesterol deposits 
from vessels and transportation of the chol- 
esterol to a secondary depot, presumably the 
liver. 

The maximum cholesterol level obtained wag 
proportional to the number of injections rather 
than to the total amount of cholesterol intro- 
duced. This would indicate a cummulative 


effect. In not a single instance could the total 
amount of cholesterol administered be recov- 
ered. The difference between the amount in- 
jected and the amount recovered was 25 per 
cent or more, certainly beyond the limits of 
errors inherent to the chemical method em- 
ployed. It can be assumed that a portion of 
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the cholesterol injected is retained in the viscera 
of the experimental animals. 


SUMMARY _ 


1. The literature relative to the biochemical 
effect of intravascular injection of cholesterol 
into experimental animals has been reviewed. 

2. Observations made on 50 rabbits injected 
intravascularly with cholesterol sols are re- 
ported. 

3. Intravenous injection of cholesterol sols 
into rabbits is followed by an initial drop of 
the blood cholesterol level and a subsequent 
gradual rise of the blood cholesterol. 

4. An attempt is made to explain the various 
phases of the blood cholesterol curve plotted 
after intravenous injection of colloidal chol- 
esterol as well as to explain the failure to re- 
cover the total amount of material injected. 


From the Department of Experimental Pathology, 
Quincy City Hospital, Quincy, Massachusetts. 

This research was supported by a grant from the 
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The Excretion of Pantothenic Acid in the Urine 
in Young and Old Individuals 


VAGN SCHMIDT 


ee the signs and symptoms of pantothenic 

acid deficiency in human individuals are not 
known with certainty methods other than the 
clinical examination must be used to demon- 
strate a possible deficit of this vitamin. In the 
past several attempts have been made to dis- 
close pantothenic acid deficiency through meas- 
urement of the spontaneous urinary excretion 
of pantothenic acid or the excretion following 
pantothenic acid administration. Several of 
these studies cannot, however, be considered 
conclusive since the analytic methods employed 
have not been sufficiently specific. 

The spontaneous excretion of pantothenic 
acid was investigated in 1941 by Pelczar and 
Porter (4) by a study of 9 normal individuals. 
The daily pantothenic acid excretion averaged 
3.88 mg. (1.46 to 6.79 mg.) ; the pantothenic 
acid determinations were made microbiological- 
ly, using Proteus morganii. In the same year, 
Strong, Feeney, and Earle (6), using Lacto- 
bacillus casei for the assay, reported an ex- 
cretion of 2 to 6 micrograms per milliliter of 
urine, whereas Skeggs and Wright (5), em- 
ploying Lactobacillus arabinosus, observed an 
excretion of 8.7 micrograms per milliliter. 
Since the diuresis is not given the results in 
these latter publications are not directly com- 
parable with those of Pelczar and Porter (4). 

An important feature in the estimation of 
the urinary content of pantothenic acid is the 
fact that bacterial contamination with panto- 
thenic acid producing bacteria may result in 
analytic values several times higher than the 
real values. The avoidance of bacterial in- 
fection during the analysis is therefore of the 
greatest importance. This precaution was ob- 
served by Pelcezar and Porter (4) but is not 
mentioned in the publications by Strong, Fee- 
ney, and Earle (6) or Skeggs and Wright (5). 


Investigations on the excretion of panto- 
thenic acid after pantothenic acid administra- 
tion have been performed by Pearson (3) and 
by Burlet (1). In Pearson’s studies 1000 mg. 
of calcium pantothenate were ingested by 3 
normal adults and the pantothenic acid excre- 
tion in the urine measured over a twenty-six 
hour period following the administration. The 
results showed an excretion of only 7.8, 11.7, 
and 6.8 per cent of the ingested pantothenic 
acid. In Burlet’s experiments 250 mg. of cal- 
cium pantothenate was given by mouth to 2 
normal individuals. This ingestion resulted in 
an excretion of 32 and 56 mg. of the vitamin; 
the spontaneous pantothenic acid excretion in 
the 2 subjects was 2 mg. and 7 mg. respective- 
ly. After ingestion of 250 mg. of panthenol, 
the excretions were 65 and 105 mg. 

The present study was undertaken with the 
purpose of investigating the spontaneous pan- 
tothenic acid excretion and the pantothenic acid 
excretion following injection of pantothenic 
acid in a larger group of individuals of various 
ages. 

TECHNIQUE 

For pantothenic acid determination in the 
urine the microbiologic compensation method 
of Nielsen, Hartelius, and Johansen (2) was 
employed, using Streptobacterium plantarum. 
This method permits the determination of pan- 
tothenate with an accuracy of 20 per cent. 
The urine was collected quantitatively in flasks 
containing 0.5 to 5 ml. of a 10 per cent thymol 
solution, giving a final thymol concentration in 
the urine sample of 1: 2000. This concentra- 
tion was found to be sufficient to prevent 
bacterial growth. For analysis of the panto- 
thenic acid content a 100 ml. aliquot was used. 
If the analysis could not be undertaken imme- 
diately the urine sample was heated to boiling 
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(100 C.) for five minutes and was afterwards 
stored in the refrigerator. The microbiologic 
analyses were performed on urine dilutions 
of 1:50 to I: 500. 

Before the test load dose of pantothenic acid 
was decided upon, a special investigation was 
made of the spontaneous pantothenic acid ex- 
cretion during the course of the day and night 
and also of the pantothenic acid excretion in 
successive urine samples collected quantitative- 
ly for twenty-four hours following the intra- 
muscular injection of 25 mg. of panthenol. 

The results of such investigations are pre- 
sented in table 1, which shows that the spon- 
taneous excretion is higher during the day than 
during the night. The excretion after panto- 
thenic acid injection is usually highest during 
the first four hours after the administration 
of pantothenic acid; the excess urinary excre- 
tion is often still noticeable as late as sixteen 
hours after the beginning of the tolerance 
test. The use of a twenty-four hour urine 
collection period in pantothenic acid tolerance 
tests therefore appeared to be suitable. 


EXPERIMENTAL 


Investigations on the twenty-four hour spon- 
taneous excretion of pantothenic acid and the 


excretion following intramuscular injection of 
25 mg. of panthenol were made in 17 children 
between 2 and 14 years of age, in 56 adults 
(31 men, 25 women) aged 15 to 45 years, and 
in 23 older individuals (11 men and 12 
women) over 50 years (51 to 82 years). 

All the older individuals were grey-haired 
but none displayed signs of avitaminosis. The 
selection of grey-haired subjects for this more 
advanced age group was made purposely since 
on the basis of animal experiments it might 
be expected that evidence of pantothenic acid 
deficiency would more likely be found in this 
group than in individuals with normal pigmen- 
tation of the hair. The results of both the 
spontaneous pantothenic acid excretion and the 
excretion observed in the tolerance test are 
given in table 2. 

The findings show approximately the same 
spontaneous pantothenic acid excretion in the 
children and the younger adults. Following 
panthenol administration, however, a slightly 
higher excretion of pantothenic acid was noted 
in the children than in the adults, an observa- 
tion which is probably explainable on the basis 
of the smaller body size of the children. 

As will further be seen from table 2, .the 
daily spontaneous pantothenic acid excretion 
in the advanced age group was 2.3 + 0.6 mg. 
as compared with 2.7 + 0.7 mg. in the younger 
adults. Following the tolerance test the 
twenty-four hour pantothenic acid output was 
6.6 + 1.1 mg. in the older subjects as con- 
trasted to 7.1 + 0.7 mg. in the younger group. 
The difference between these sets of values 
is probably, but not definitely, significant. 


TABLE 1. THE MEAN SPONTANEOUS PANTOTHENIC ACID EXCRETION AND THE EXCRETION FOLLOWING PAREN- 
TERAL ADMINISTRATION OF 25 MG. OF PANTHENOL DuRING VARIOUS Hours OF THE Day IN 8 NORMAL 


INDIVIDUALS. 
8 A. M. to 12 Noon 4 P. M. to 8 P.M. to | 12 Midnight 
12 Noon to4 P. M. 8P.M 12 Midnight | to8 A. M. 
Mg. Mg. Mg. Mg. Mg. 
Spontaneous Excretion 0.5 0.8 0.8 0.5 0.5 
After Panthenol 
Administration 3.1 2.0 £2 0.8 0.4 
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TABLE 2. THE 24 Hour EXCRETION OF PANTOTHENIC ACID IN THE URINE BEFORE AND AFTER INTRAMUSCULAR 


SCHMIDT 


ADMINISTRATION OF 25 MG. oF PANTHENOL 


Pantothenic Acid Excretion in Mg. 
No. of 
Age in Years In divi > Spontaneous After Panthenol Injection 
Mean s. d. Range Mean s. d. Range 
2—14 17 2.5 0.7 1.8—4.5 6.0—9.6 
16—45 56 2.7 0.6 1.2—4.4 ye 0.7 4.7—8.8 
51—82 23 2.8 0.6 1.0—3.6 6.6 ee 4.4—9.1 


As elderly persons usually are not so physi- 
cally active as younger individuals, the inges- 
tion of food will also as a rule decrease with 
age. Consequently a reduced spontaneous ex- 
cretion of pantothenic acid must be expected 
with advancing years. The observed reduced 
spontaneous excretion actually observed with 
age is therefore most probably explainable on 
the basis of a reduced food intake and does 
not warrant the conclusion that greyness of 
the hair in the aged is due to pantothenic acid 
deficiency. 

If the greyness were associated with a deficit 
of pantothenic acid, the spontaneous excretion 
in the elderly as compared with the younger 
subjects would have been expected to be much 
lower than the decreases observed in this study. 
But in particular one would have expected a 
considerable difference in excretion between 
the younger and the older groups following 
the parenteral administration of 25 mg. of 
panthenol, indicative of a latent deficiency, and 
such great difference was not found in the pres- 
ent study. 

SUMMARY 

The pantothenic acid excretion in the urine 
was determined quantitatively in a large group 
of young, middle-aged, and older individuals, 
using the microbiologic assay method of Niel- 
sen, Hartelius, and Johansen. All the older 


individuals included in this study were grey- 
haired. Studies were made both of the spon- 
taneous twenty-four hour excretion and of the 
excretion following intramuscular injection of 
25 mg. of panthenol. 


The results showed a moderately lower ex- 
cretion in the elderly subjects, both under 
normal conditions and following parenteral 
pantothenic acid administration. The lower 
excretion appears to be due to a decreased food 
intake and the findings do not support the 
contention that a pantothenic acid deficiency 
is found in old age, nor the assumption that 
achromotrichia is conditioned by such de- 


ficiency. 
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Plasma Uric Acid in Aged and Young Persons 


E. PRAETORIUS 


UsING A NEW SPECIFIC METHOD FOR URIC ACID 
DETERMINATION Dr. PRATORIUS STUDIED THE 
PLASMA URIC ACID CONCENTRATION IN 170 
YOUNG AND OLD INDIVIDUALS. THE MEAN URIC 
ACID CONTENT OF PLASMA WAS FOUND TO BE 
LOWER IN THE WOMEN THAN IN THE MEN 
AND SHOWED A TENDENCY TO INCREASE WITH 
AGE IN THE WOMEN. 


: ee available data on the concentration of 

uric acid in the plasma or serum of human 
individuals are based on analyses performed 
with colorimetric or titrimetric methods. The 
specificity and accuracy of these methods are 
however, not great. Thus, a loss of uric acid 
frequently takes place during the protein pre- 
cipitation employed in the preparation of pro- 
tein-free filtrates, whereas, on the other hand, 
substances other than uric acid in the filtrates 
may contribute to the color development. This 
subject has recently been reviewed in detail 
(2). 

The recent introduction by Kalckar (1) of 
a specific method for uric acid determination 
constituted a significant advance in the analysis 
of this compound and made it desirable to re- 
peat previous studies with the purpose of 
establishing the normal plasma-uric acid con- 
centration at various ages. 

The method of Kalckar is based on differ- 
ential enzymatic spectrophotometry. The ab- 
sorption of ultraviolet light (wave length 292.5 
# ») by uric acid is measured before the ad- 
dition of uricase and again after the uric acid 
has been split by the enzyme. The decrease 
in optical density observed after the action of 
uricase is directly proportional to the amount 
of uric acid in the samply. Because of the 
very high molar extinction of uric acid in the 
ultraviolet light, which between the wave 
lengths 290 and 295 » » has a maximum of 
12,000, this method offers a much higher sen- 
sitivity than other enzymatic methods. 


The application of the method to plasma and 
other biologic fluids has been described in de- 
tail (2). For the convenience of the reader a 
brief outline of the analytic technique will be 
given here. 


MeETHOops 


By means of a Carlsberg constriction pipette 
268.5 cu. mm. of stabilized plasma were trans- 
ferred to a 10 ml. volumetric flash containing 
1 ml. of 2/3 molar glycine buffer (pH 9.1 to 
9.4) and the volume made up to 10 ml. with 
distilled water. Three ml. of the diluted 
sample were measured into a silica cell and 
2.5 ml. into a reference cell of a Beckman 
spectrophotometer DU. By the addition of 
about 0.5 ml. of distilled water to the refer- 
ence cell an extinction difference of 0.200 to 
0.400 at 292.5 » p» between the two cells was 
easily obtained. 

After a constant initial reading had been 
obtained 10 cu. mm. of a highly purified uricase 
suspension were added to the contents of the 
measuring silica cell and the extinction at 
292.5 » » was read at 10 to 15 second intervals 
for a period of one to two minutes, the ex- 
tinction values and the times in seconds as 
read on a stop watch being noted. From these 
data an extrapolation of the extinction to zero 
time was made possible. 

After the initial reaction period readings of 
the extinction were made at intervals of 10 
to 15 minutes until the reading remained con- 
stant. The difference between the extrapolated 
extinction value and the final constant extinc- 
tion reading multiplied by 50 represents the 
plasma uric acid in milligrams per 100 ml. 

The study comprises analyses of the plasma 
uric acid concentration in 130 individuals be- 
tween the ages of 41 and 102 years (61 men 
and 69 women) and in 40 younger persons 
(24 men and 16 women) between 20 and 39 
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TABLE 1, PLasMa Uric AciD CONCENTRATION IN All the younger persons were apparently with- =z 
85 MEN OF VARIOUS AGES out any disease. r 
The blood samples were drawn from the I 
eo Uric Acid hep Uric Acid cubital vein at 8:00 a. m., centrifuged one or . 
Mg. % Mg. % P 
TABLE 2. PLasMA Uric Acip CONCENTRATION IN 0 
1 5.65 66 5.30 97 WoMEN oF Various AGES t 
24 §.25 66 4.45 V 
24 4.75 66 5.80 Plasma Plasma P 
24 5.00 66 5.15 Age Uric Acid Age Uric Acid i 
24 4.80 67 4.90 Mg. % Mg. % ‘ 
24 4.00 67 5.40 
24 5.65 67 5.15 . 
25 4.25 67 3.35 20 3.35 72 3.75 = 
25 5.00 68 4.90 21 3.60 73 3.75 
25 6.55 69 5.15 22 2.80 74 4.45 two 
26 3.35 69 4.60 23 4.00 74 3.85 
27 6.00 69 5.40 24 4.35 75, 4.05 the 
27 4.30 70 5.80 24 3.25 75 4.40 
27 5.05 70 6.65 29 2.90 75 2.70 
28 3.55 70 6.65 29 2.20 75 3.70 
28 4.45 71 3.90 33 3.35 75 3.30 7 
28 4.65 71 5.70 33 4.65 76 2.40 
28 5.80 71 5.45 35 3.65 76 4.80 are 
29 9.70 71 3.80 36 3.10 76 5.70 an 
29 4.15 71 4.10 36 3.70 76 4.40 ! 
32 5.20 72 5.45 36 3.55 16 2.55 _ 
32 3.50 72 3.15 38 3.25 76 2.95 cen 
34 4.85 73 4.00 38 3.85 76 3.20 the 
37 7.40 74 4.25 42 2.60 77 3.30 
39 3.80 74 9.00 49 6.15 71 4.00 ad 
40 5.45 75 7.10 50 3.25 77 5.30 sho 
41 8.45 75 4.90 52 2.20 77 3.35 wih 
43 3.80 75 5.00 54 4.40 77 3.65 
43 3.75 75 3.90 54 2.50 77 4.45 we 
44 6.65 76 2.50 54 4.60 77 3.15 are 
45 6.75 a 8.40 57 4.10 77 4.60 3.6 
49 2.85 77 3.25 58 3.65 78 3.55 a 
50 4.35 78 6.35 58 3.05 78 5.20 uri 
58 3.95 80 7.30 59 5.30 78 4.75 by 
60 4.80 80 4.45 61 §.45 78 4.50 gro 
61 4.30 82 5.90 61 5.25 79 5.45 
62 6.10 82 3.85 61 3.40 79 3.65 
64 3.40 83 2.60 61 3.40 80 2.95 
64 3.50 83 7.25 62 6.10 80 3.35 
65 4.50 83 3.30 62 2.60 80 3.35 
65 3.90 84 6.40 62 3.40 80 5.05 a 
65 3.90 87 3.70 65 4.30 81 4.55 
66 5.70 81 3.35 
66 3.10 82 3.65 
years of age. The majority of the older sub- = go 7 yo 
jects were inmates or patients in the St. Louis 67 3.10 84 4.05 
City Infirmary and City Infirmary Hospital, 
whereas the greater part of the younger indi- 69 290 85 3.35 
viduals were private volunteers. None of the 69 3.65 85 4.30 
patients suffered from gout or any other disease 
characterized by increased plasma uric acid, 72 4.05 92 4.10 
and none of the old persons had an NPN 72 5.35 102 3.60 
value higher than 50 mg. per 100 ml. of plasma. 
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Dr. Pretorius obtained his M.D. degree in 
1937 from the University of Copenhagen. From 
1945-1946 he was research assistant at the 
Carlsberg Laboratories and from 1946-1948 in 
the Department of Physiology at the University 
of Copenhagen. He was research assistant at 
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present is senior resident physician in the Med- 
ical Department of the Hillergd County Hos- 
pital in Denmark. Dr. Pretorius was author- 
ized as a specialist in clinical pathology in 1950. 


two hours later, and the uric acid content of 
the plasma determined immediately. 


RESULTS 


The results obtained in the various age groups 
are presented in tables 1 and 2, which show 
a mean value of plasma uric acid for young 
men and young women of 5.1 and 3.5 mg. per 
cent, respectively. For the older age group 
the corresponding figures are 5.0 and 4.0 mg. 
per cent. Statistical calculation of the data 
shows that the difference in the average plasma 
uric acid values between young men and young 
women and between old men and old women 
are significant, the “t” values being 5.35 and 
3.6, respectively. This sex difference in plasma 
uric acid concentration has also been noted 
by previous investigators. If the younger age 
groups are compared with the older age groups 


it will further be noted that there exists a 
statistically significant difference between the 
younger and the older women, the “t” value 
of this difference being calculated to 2.6. On 
the other hand, the figures do not reveal any 
definite change with age in the plasma uric 
acid concentration in the men. 


SUMMARY 


Results are reported of plasma uric acid de- 
terminations of 170 individuals. The uric 
acid determinations were performed by enzy- 
matic differential spectrophotometry. The 
findings showed a significantly lower plasma 
uric acid value in the women than in the men 
and further revealed a tendency for the uric 
acid content to increase with age in the women 
but not in the men. 


From the Division of Gerontology, Washington 
University School of Medicine, St. Louis. 
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The Social Roles of Old People 


RUTH ALBRECHT 


5 purpose of this study was two-fold; 

first, to identify the activities or social 
roles of older people in an average community, 
and second, to find out how these social roles 
were related to the personal adjustment of 
older people. In a general way it was thought 
that the active aged were also well adjusted. 
This study was aimed at obtaining objective 
evidence for this hypothesis. 


METHODS 


Selection of the community—The mid- 
western town selected for this study had a 
population of over 6,000 with about 10 per 
cent of the people over 65 years old. It was 
supported by several small industries and was 
the county seat and main shopping center for 
a large rural area. Various census criteria were 
used to select it as typical for this region. 

Selection of the subjects—Selection of the 
100 subjects in this study was made by the 
proportional sampling method. Their social 
status position was established by Warner’s 
Index of Status Characteristics and they repre- 
sented the upper, upper middle, lower middle, 
upper lower, and lower lower classes (4). Sub- 
jects were then selected from these five status 
groups according to age, sex (55 women and 
45 men), and marital status to retain the prop- 
er percentage proportions of the larger popula- 
tion of aged in that community. 

Collection of the data—The subjects were 
interviewed by use of the focused interview 
described by Merton and Kendall (3). Fac- 
tual data were recorded on the schedule Your 
Activities and Attitudes (1). Expression of 
feelings was stimulated by nondirective meth- 
ods. Information obtained was substantiated 
by reliable acquaintances, and court house rec- 
ords and newspaper items furnished additional 
data. 

Measurement of role-activities and personal 
adjustment.—Two instruments were used to 


evaluate role-activities and personal adjust- 
ment : 

1. A scale was devised to measure the activi- 
ties of the aged in selected role-areas. The 
term role-area was used as an over-all designa- 
tion of a more general area in which activities 
were possible. Those role-areas selected for 
this study were: 

A. Parental (including those of the par- 
ents, grandparents, and great-grand- 
parents ) 

Home responsibilities 

Kinship interaction 

Participation in clubs and organiza- 
tions 

Church activities 

Civic and community activities 


DOB 


Ten role-activities were defined in each area. 
Rejection or nonparticipation received a low 
score, high activity a high score, and scores 
between the two extremes indicated the vari- 
ous stages of activity on a rising scale. 

2. The Adjustment Rating Scale designed by 
Cavan (2) was used to rate the subject’s gen- 
eral degree of personal adjustment in later 
maturity. It included a ten point scale in six 
areas : 

A. Personal, intimate association with 
family and friends 
B. Group associations and contacts with 
the world through reading and radio 
C. Individual activities and hobbies 
D. Feelings of emotional security in rela- 
tion to friends, family, and religion 
Feelings of status and social recogni- 
tion 
F. Happiness and contentment 

Each subject was rated in every area by the 
interviewer and at least three judges. The 
composite formed the individual’s score in that 
particular area. 

The following report shows the larger pat- 
terns of role-activities as they emerge from the 
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irom the University of Chicago. From 1947- 
1948 she taught psychology at the University 
of Indiana and since 1948 she has been research 
associate at the University of Chicago. Her 
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of the problems of aging. 


more detailed study. All statistical results re- 
ported utilized the ten-point scales. 


RESULTS 


Parental and home centered role-activities. 
—Seventy-eight per cent of the sample were 
parents of living children. They had a total! 
of 303 living children, an average of 3.88 
children per parent. Seventy per cent of the 
sample population were grandparents, with 495 
living grandchildren, or an average of 7.07 per 
person. Only 23 per cent were great-grand- 
parents, with 116, or an overage of 5.04 great- 
grandchildren per person. The numbers in- 
cluded legally adopted children and those for 
whom the subjects had voluntarily accepted re- 
sponsibility. 

Parents showed five main divisions of re- 
sponsibility for or interaction with the children 
(table 1). 

Parents and children who were independent 
of each other were self-reliant even when they 
lived under the same roof. Social and affec- 
tional ties could be strong without turning to 
dependence. Aged parents had dependent chil- 
dren because of adoption, illness, marriage of 
an older man to a much younger woman, or 
ethnic culture patterns prolonging dependence. 
Mutual dependence was found when the par- 


ent was furnishing the home and the children 
took care of him or when the children had the 
home and the parent managed it. Parents were 
dependent mainly because of blindness or ill- 
ness. Neglect by the children was found to 
stem from loss of contact in the earlier years ; 
for example, one man released his son to his 
wife’s relatives and lost track of him as the 
years went by but still reported himself as a 
father. 

Product moment correlation coefficients were 
positive for all factors. The four parental cor- 
relations significant at the 1 per cent level were 
with home responsibility (r = .64), adjust- 
ment (r = .53), grandparent (r = .50), and 
social organizations (r = .42). Parental role- 
activities were related at the 5 per cent level 
only to kinship (r = .23). The last three cor- 
relations were possibly due to chance factors: 
great-grandparental roles (r = .20), civic 
(r = .13), and church (r = .08). 

Parents who were independent of their chil- 
dren or had children dependent on them tended 
to be better adjusted than those who were de- 
pendent or had lost contact with the children. 
Independent parents took care of their own 
homes; they were moderately active in social 
organizations, attended church, voted in the 
elections, but took little responsibility in any- 
thing outside the home and family. 

Grandparents varied their relationship as 
their grandchildren grew from infancy to adult- 
hood. The role-activity patterns found are 
shown in table 2. 

Grandparents took over the care of grand- 
children while the parents worked, to relieve 
the parents for a few hours, or to have the 


TABLE 1, RELATION OF PARENTS TO CHILDREN (ALL NUMBERS ROUNDED TO NEAREST PERCENTAGE FIGURE). 


Men Women Total 
Relationship (35) (43) (78) 
Parents and children mutually independent 80 70 7o 
Parents with dependent children 6 9 6 
Parents and children mutually dependent 3 12 9 
Parents dependent on children 3 9 5 
No contact with the children 8 0 4 
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TABLE 2, RELATION OF GRANDPARENTS TO GRANDCHILDREN (ALL NUMBERS ROUNDED TO NEAREST PERCENTAGE 


FIGURE). 

Men Women Total 

Relationship (30) (40) (70) 
Full responsibility 0 0 0 
Part time or occasional responsibility 20 27 24 
Social participation only 73 70 72 
Communication but no personal contact 0 0 0 
No communication and no interest 7 3 4 


pleasure of their company for overnight visits 
and other limited-time plans. Women took 
this responsibility for longer periods of time 
than men. Social participation without respon- 
sibility gave satisfaction with less expenditure 
of energy, and all of them were able to see 
their descendants at least occasionally if they 
kept up communication. Those who merely 
knew of the existence of grandchildren had 
broken relationships with their children (the 
parents of these descendants) years ago. 

Grandparent role-activity ratings correlated 
at the 1 per cent level of significance with 
parent ratings (r = .50), home responsibility 
(r = .46), adjustment (r = .45), and civic 
activity (r = .41). Correlations at a 5 per 
cent level of significance were with social 
organizations (r = .28) and great-grandparent 
(r = .50). Correlations with kinship (r = 
.Ig), and church activity (r = .19) were pos- 
sibly due to chance factors. 

Table 3 shows the patterns of interaction of 
great-grandparents. 

None of the great-grandparents lived in the 
same home with fourth generation members, 


but social interaction was obtained by individ- 
ual visits, at family reunions and gatherings 
for special holiday celebrations. Greater dis- 
tance separated fourth generation descendants 
for many of the aged but communication was 
carried on and pictures of the great-grandchil- 
dren frequently replaced those of the second 
and third generation for prominent display. 
Only the old people who lost track of their 
grandchildren had no interest in further de- 
cendants. 

Active great-grandparents tended to be well 
adjusted as measured by the scale. The corre- 
lation coefficient with adjustment (r = .68) 
and with home responsibility (r = .53) showed 
significance at the 1 per cent level. Of lower 
significance (5 per cent) were the correlations 
with grandparent ratings (r = .50), church 
(r = .45), and kinship (r = .44). Social 
(¢ = 33), = .g1), and povent 
(r = .20) correlations were possibly due to 
chance factors. 

Family-minded aged who were in close con- 
tact with their descendants tended to be active 
as well as personally well adjusted. Compari- 


TABLE 3. RELATION OF GREAT-GRANDPARENTS TO GREAT-GRANDCHILDREN (ALL NUMBERS ROUNDED 
TO NEAREST PERCENTAGE FIGURE). 


Men Women Total 

Relationship (7) (16) (23) 
Full responsibility 0 0 0 
Occasional or part time responsibility 0 6 4 
Social participation only 57 57 57 
Communication without personal contact 29 31 30 
No interest and no communication about descendants 14 6 9 


son 
who 
| | ! the 
role 
the | 
Full 
Res; 
No: 
Ina 
No | 
live 
in 
the 
ents 
leve 
gre 
(r 
| | 

Occ: 
Cor 
Litt 

| No 


was 
chil- 
cond 
play. 
their 


‘ions 
urch 
ocial 
rent 
e to 


SOCIAL ROLES OF OLD PEOPLE 141 


TABLE 4, MEAN ADJUSTMENT ON THE TEN POINT SCALE (SCALE VALUES RANGED FROM 0 TO 9). 


Total sample population mean 5.000 


Parent mean 
Grandparent mean 
Great-grandparent mean 


5.115 
5,157 
5.043 


son of the mean scores showed that old people 
who were parents were better adjusted than 
the average aged population. 

Home responsibility patterns for combined 
role-activity scores showed the distribution for 
the entire sample as listed in table 5. 


ship significant at the 5 per cent level was 
observed with social factors (r = .22) where- 
as the noted correlation with church activities 
(r = .13) was possibly due to chance factors. 

The kinship or extended family group was 
a potential source of stimulation and interest 


TABLE 5. DISTRIBUTION OF HOME RESPONSIBILITY PATTERNS FOR COMBINED ROLE-ACTIVITY SCORES 
(ALL NUMBERS ROUNDED TO NEAREST PERCENTAGE FIGURE). 


Degree of Responsibility an 
Full responsibility for the home 13 20 17 
Responsibility shared with spouse or others 65 63 64 
No responsibility but helped a little 0 9 5 
In an institution, helped some, cared for self 4 4 4 
No home responsibility 18 4 10 


Old people without responsibility were ill, 
lived in the homes for the aged and did not 
wish to work or could not do so, or they lived 
in a rooming house where they merely paid 
the rent. 

Home responsibility ratings showed coeffici- 
ents of correlation significant at the 1 per cent 
level with six factors; parent (r = .64), 
great-grandparent (r = .53), grandparent 
(r = .46), adjustment (r = .42), civic 
(r = .34), and kinship (r = .28). Relation- 


to the old person. It included brothers and 
sisters, nephews and nieces, in-laws, cousins, 
and others who were considered relatives by 
the subjects. The fact that they lived near 
each other did not necessarily indicate inter- 
action. One brother and sister in the sample 
did not even mention each other, but other 
subjects frequently mentioned cousins and rela- 
tives as far removed as grandnieces. The dis- 
tribution of kinship role-activity rating are 
summarized in table 6. 


TABLE 6, DISTRIBUTION OF KINSHIP ROLE-ACTIVITY RATINGS (ALL NUMBERS ROUNDED TO NEAREST 
PERCENTAGE FIGURE). 


Frequent visits with relatives 29 42 36 
Occasional contact with relatives 31 29 30 
Correspondence but little contact 20 22 21 
Little interest and no contact 20 2 10 
No living relatives 0 5 3 
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Kinship ratings were found to correlate at 
the I per cent level of significance with four 
factors; adjustment (r = .49), civic (r = 
.46), social (r = .33), and home (r = .28). 
Correlation coefficients of less significance (5 
per cent) with kinship were great-grandparent 
(r = .44) and parent (r = .23). Grandparent 
(r = .19), and church (r = .14), correlations 
were possibly due to chance factors. 

Role-Activities Outside the Home.—Role- 
activities outside the family and home were 
centered in social clubs, the church, and the 
community. 

The social groups of the town included clubs, 
lodges, parent-teacher associations and other 
groups with formal regulations, elected officers, 
stated purposes for existence, and compulsory 
dues. The aged showed a distribution of ac- 
tivity and interests in these social organizations 
as illustrated in table 7. 


Social organization ratings were correlated 
at the 1 per cent level of significance with five 
factors; adjustment (r = .52), parent (r = 
.42), civic (r = .37), church (r = .33), and 
kinship (r = .33). Correlations of less sig- 
nificance (5 per cent) were found with grand- 
parent (r = .28), and home (r = .22) ; corre- 
lation with great-grandparent (r = .33) was 
possibly being due to chance factors. 

Church centered role-activities included par- 
ticipation in the organized church and devo- 
tions at home are shown in table 8. 

Only the aged person with unusual ability 
and energy accepted a leadership position in 
the church organization. Women attended 
more faithfully than men and infrequent at- 
tendance was often blamed on the inability to 
negotiate the steps leading into the church. 
Radio listeners concentrating on religious serv- 
ices were either ill or had not affiliated with 


TABLE 7, DISTRIBUTION OF ACTIVITY AND INTERESTS IN SOCIAL GROUPS . 
(ALL NUMBERS ROUNDED TO NEAREST PERCENTAGE FIGURE). 


| 

Men Women Total 

Degree of Participation (45) (55) | (100) 
Active participant and held an office 3 13 8 
Active participant, no responsibility 6 13 10 
Frequent participant, no office 2 16 10 
Occasional participant 16 13 14 
No interest and no participation | 74 45 58 


Aged people were not officers of the large 
organizations, but were active in small, select 
groups. Women accepted responsibility and 
were active participants more than men. 


a church for the past twenty years or more. 
Church activity was correlated at a signifi- 

cant level (1 per cent) with adjustment (r = 

.31) and social organizations (r = .33). Cor- 


TABLE 8, DISTRIBUTION OF CHURCH CENTERED ROLE-ACTIVITIES (ALL NUMBERS ROUNDED TO NEAREST 
PERCENTAGE FIGURE). 


Faithful member and held church office 2 2 2 
Church member, attended regularly 36 53 45 
Church member, attended frequently 9 7 8 
Devout, home service and radio-religion 7 9 8 
Church member but seldom attended services 15 14 15 
No church affiliation or attendance 31 15 22 
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relation of less significance (5 per cent) was 
found with great-grandparent ratings (r = 
.45). Grandparents (r = .19), kinship (r = 
.14), home (r = .13), civic (r = .0g), and par- 
ent (r = .08) correlations were possibly due 
to chance factors. 

Civic activity was possible for all but the 
very ill aged and credit was given for any in- 
terest in local and national affairs. Local 
political organizations sent cars to transport the 
infirm to the voting places, an exciting outing 
for many (table 9). 

Civic ratings were correlated at the I per 
cent level of significance with five areas; kin- 
ship (r = .46), adjustment (r = .44), grand- 
parent (r = .41), social (r = .37), and home 


(r = .34). Positive, but less significant rela- 
tionships (possibly due to chance factors) were 
found with great-grandparent ratings (r = 
31), parent (r = .15), and church activity 
(r = .09). 

Personal Adjustment of the Aged—The 
Cavan Scale for Personal Adjustment in later 
maturity was used to rate the adjustment of 
each subject (table 10). 

Women had a diversified adjustment pat- 
tern and outranked men at both extremes—in 
very good adjustment and in serious maladjust- 
ment. Personal adjustment of all subjects was 
significantly related to all role-activities as in- 
dicated. High activity in any role-area was 
characteristic of some degree of adjustment, 


TABLE 9, DISTRIBUTION OF CIVIC AND COMMUNITY ACTIVITIES (ALL NUMBERS ROUNDED TO NEAREST 
PERCENTAGE FIGURE). 


Held a leading position in the community (mayor, alderman, etc.) 4 2 3 
Attended open political meetings, read and discussed politics 18 7 12 
Voted, but took no further part 69 56 62 
Voted in local elections only 0 7 q 
Did not participate in civic affairs 9 28 19 


TABLE 10. ADJUSTMENT RATINGS OF EACH SUBJECT 


Very well adjusted 2 9 6 
Well rounded social life, feeling of security, rapid adjustment to 
emotional disturbances | 
Moderately well adjusted 36 31 33 
Fairly well balanced socia! pattern without serious gaps, positive 
emotional patterns 
Average adjustment 40 45 43 
Moderate social life, compensated for lack in one direction by activity 
in another 
Some adjustment 22 11 16 
Meager social life, little contact with family, some emotional distur- 
bance and discontent 
Serious maladjustment 0 4 2 
Alone in the world, no friends, no reading or radio. Emotionally dis- 
turbed 
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for no individual rated at the top in all of them. 

Analysis of the results indicated that good 
adjustment in the later years required a com- 
bination of the following eight characteristics : 
independence of and from the children, close 
companionship with the grandchildren, interest 
and pride in the great-grandchildren, home re- 
sponsibilities, frequent contact witi the kin- 
ship group, active participation in at least one 
social organization, regular church attendance, 
and active civic interests more than just cast- 
ing a vote. 


DIscuUSSION 


The measurements showed that the majority 
of old people were still active and carried re- 
sponsibility concentrated mainly in the home 
and in family relationships. Only moderate 
activity was found in social, church, and civic 
functions. Church memberships were not 
maintained by a few who had once belonged. 
No old people established their very first re- 
ligious affiliation after 65. Memberships in 
organized groups had been dropped by some 
but many aged had never belonged to any 
clubs. Nonparticipation was for them not a 
result of aging but a carry-over from the earlier 
life pattern. 

Active social participation in younger years 
seemed to lead to better adjustment in old age. 
However, high activity of any quality did not 
necessarily mean good adjustment in old age, 
for the aged who were still “running away” 
from something were not considered well ad- 
justed. The facts indicated that well adjusted 
old people no longer competed for status po- 
sitions of high office or responsibility but 
tended to withdraw to a more relaxed kind of 
participation as their strength and energy per- 
mitted. They concentrated their energy in 
family and home activities rather than outside 
this circle. Good family relationships in youth 
seemed almost a guarantee of happiness in old 
age. Well adjusted people without families 


tended to compensate by high social and civic 
activity started in youth or in the middle years. 


ALBRECHT 


This stratified representative sample includ- 
ed people in various stages of aging from the 
alert and active to the withdrawn and incapaci- 
tated old people. Most literature showed a 
biased sample based on Old Age Assistance 
recipients, residents of Homes for the Aged, 
or samples covering only one or two social 
status groups. The high degree of activity 
found in this study was due in part to the 
cross-sectional nature of the sample which in- 
cluded people in all social classes and all modes 
of life. 


SUMMARY 


The distribution of role-activities and the so- 
cial adjustment pattern of the aged were meas- 
ured in a midwestern community. A propor- 
tional stratified sample of 100 subjects was 
selected for intensive study and included people 
of both sexes (45 men and 55 women), in all 
social classes, various marital. status groups, 
and age-grades over 65. 

The most common role-activities found in- 
indicated that the majority of old people had 
the following patterns: 


1. They were independent of their chil- 
dren. Eighty per cent of the fathers 
and 70 per cent of the mothers were 
neither responsible for nor dependent 
upon their children. 

2. Grandparents participated socially with 
grandchildren in over 70 per cent of 
the cases, but 20 per cent of the men 
and 27.5 per cent of the women also 
took responsibility for them occasional- 
ly or part of the time. 

3. Fifty-seven per cent of the great- 
grandparents participated socially with 
the fourth generation but tended to 
move toward communication without 
personal contact. 

4. Old people who were parents rated 
higher than average in mean adjust- 
ment scores. 

5. Home responsibility was shared with 
the spouse or another household mem- 
ber by 62 per cent of the aged. 
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6. Kinship relationships varied but 36 
per cent were very active in visiting 
the extended family and only 3 per cent 
had no living relatives. 


7. The majority, or 58 percent, belonged 
to no social clubs. 


8. Only 47 per cent were constant and ac- 
tive church members. 


g. Sixty-two per cent confined their civic 
activities to voting in the elections. 


10. High role-activity ratings considered 
in this research were all significantly re- 
lated to good adjustment. 


The study presented in this paper is part of a dis- 


sertation for a Ph.D. degree from the University of 
Chicago. 
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The Role of the Professional Nurse in Community 
Planning for the Aged 


FREDERIC D. ZEMAN 


7" amazing changes in the age composition 

of our population and the rapidly increas- 
ing number of individuals who live to reach 
advanced years are by now familiar to every 
newspaper reader. 

Professional nurses will find that several re- 
cent statistical tables published by Dr. Louis 
Dublin make this situation more easily compre- 
hended. In table 1 we find the number of lives 
saved in the year 1947 as a result of the im- 
provement in mortality since 1940. While the 
greatest gains are registered in the youngest 
group, the higher brackets show substantial ad- 
vances, especially among women. When fig- 
ures are available for the past two years more 


striking advances will surely be recorded as the 
result of the improved treatment of the infec- 
tious diseases of the elderly. 

In table 2 we find the expectation of life and 
the chance of survival for white men and white 
women after the age of 65 years. These fig- 
ures indicate vividly that today even after at- 
taining the age of 75 years, a man or woman 
has a really worth while life expectancy. 

These charts serve as an excellent introduc- 
tion to a study of the role of the professional 
nurse in community planning for the aged, 
since her work today and in the future will be 
more and more centered on various aspects of 
the care of the aged. With advancing years 


TABLE 1. NUMBER OF DEATHS IN THE POPULATION OF THE UNITED STATES IN 1947, By AGE, COMPARED 
WITH THE NUMBERS EXPECTED IN THAT YEAR ON THE BAsIS OF THE MORTALITY RATES BY SEX AND AGE 
PREVAILING IN 1940. (STATISTICAL BULLETIN, MAy, 1949; REPRODUCED By COURTESY OF THE 
METROPOLITAN LIFE INSURANCE COMPANY), 


MALES FEMALES 
DEATHS IN 1947 DEATHs IN 1947 
Lives Saved Lives Saved 
AGE in 1947 by in 1947 by 
Expected Improvement Expected Improvement 
on Basis of | in Mortality on Basis of in Mortality 
Actual? | Since | Mortality | Since 1940 
in 1940 in 1940 
ALL AGEs 818,234 941,265 123,031 627,136 771,131 143,995 
Under 1 68,678 111,912 43,234 50,579 82,357 31,778 
1-4 9,778 17,584 7,806 7,843 14,490 6,647 
5-14 9,504 13,649 4,145 6,242 9,971 3,729 
15-24 21,324 26,813 5,489 13,626 21,064 7,438 
25-34 27,675 37,894 10,219 21,079 32,296 11,217 
35-44 48,282 58,351 10,069 34,318 46,129 11,811 
45-54 96,729 104,599 7,870 60,011 72,548 12,537 
55-64 157,653 168,349 10,696 94,805 114,578 19,773 
65-74 186,785 193,097 6,312 140,681 157,956 17,275 
75 and Over 191,826 209,017 17,191 197,952 219,742 21,790 


1Deaths of unknown age distributed. 
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come not only the infirmities ascribed to the 
aging process itself, but also a variety of 
disease processes, many of which were former- 
ly lumped under the all inclusive designation, 
“degenerative,” which actually explained noth- 
ing. Today brilliant research is gradually mak- 
ing these conditions more comprehensible in 
terms of modern medical viewpoints. Thus, 
arteriosclerosis is now thought to be caused, in 
part at least, by a disturbance in fat metabo- 
lism, and many forms of crippling arthritis now 
seem to be related to endocrine disorders. 
The entire community is deeply interested in 
the welfare of the aged not only as medical 
and nursing problems but also from economic, 


social, and political viewpoints. While our 
chief concern here is with question of health 
and disease in old age, we must ever realize 
that we are treating individuals and not dis- 
eases, that these human beings are products of 
varied environments, and that they live in close 
contact with other humans and are motivated 
in the strange ways characteristic of homo 
Sapiens. 

All our efforts must be based on the study 
of the individual and on the firmly held con- 
viction of the dignity of the individual. In 
this way we shall be forced to busy ourselves 
with many questions not previously the concern 
of nurses, with housing and financial problems, 
with family disturbances, and with individual 
peculiarities. Every professional nurse owes 
it to herself, for her patients’ sake, for her 
parents’ sake, and finally for her own sake, as 
a preparation for her own later years, to seize 
upon every opportunity to learn as much as 
she can about the various effects of old age. 

In a community program, therefore, the first 
objective is the education of physicians, of 
nurses, of social workers, and of the public. 
The second objective is the proper treatment 


TABLE 2. EXPECTATION OF LIFE AND CHANCES OF SURVIVAL FOR WHITE MEN AND WHITE WOMEN AFTER 
AGE 65. UNITED STATES 1946. (STATISTICAL BULLETIN, OCTOBER 1948; REPRODUCED BY COURTESY OF THE 
METROPOLITAN LIFE INSURANCE COMPANY). 


CHANCES PER 1,000 oF 
SURVIVING FROM BIRTH 


CHANCES PER 1,000 AT 
AGE 65 OF SURVIVING 


EXPECTATION OF LIFE 


TO SPECIFIED AGE TO SPECIFIED AGE Years 
AGE 
White White White White White White 
Males Females Males Females Males Females 
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S 69 525 661 849 895 10.52 | 11.93 
7 70 500 639 809 865 10.03 11.33 
: 71 474 615 767 833 9.54 10.75 
72 448 590 724 799 9.07 10.18 
“ 73 421 564 682 763 8.61 9.63 

74 395 536 638 726 8.16 9.10 
— 75 368 508 595 688 7.72 8.58 
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of the healthy and the sick aged in their homes 
and in appropriate institutions. The third ob- 
jective is the establishment of preventive meas- 
ures through a program of mental and physical 
hygiene. The functions of the professional 
nurse in striving for each of these goals are 
becoming clearer all the time and I have en- 
joyed the privilege of helping my nursing col- 
leagues in the early stages of many such enter- 
prises. 

In the field of education many achievements 
have already been scored. Many worthwhile 
contributions to geriatric nursing have been 
published by leaders in the field, based on sound 
personal observations (1, 2, 9). 

The Department of Nursing Education of 
Teachers College, Columbia University, began 
five or six years ago to send its students to the 
Home for Aged and Infirm Hebrews for a 
lecture demonstration on the nursing care of 
the aged. Today the program has grown into 
an official affiliation and a two weeks’ attend- 
ance at the Home for lectures and demonstra- 
tions, besides work and special training in occu- 
pational therapy. 

In the spring of 1949, an entire morning ses- 
sion of the annual institute of the New York 
City League for Nursing Education was held 
at the Home. Members of the medical, nurs- 
ing, and social service staff gave informal talks 
to an audience of over 200 graduate nurses. 
The large attendance and the interest shown 
were striking evidence of the realization by 
the profession of the significance of rapidly 
advancing social and medical changes. 

Two and one half years ago Miss Ollie Ran- 
dall, Consultant on Old Age to the Community 
Service Society of New York, and the writer 
journeyed to Middletown, New York, for a 
conference on old age with the public health 
nurses of Orange, Rockland, and Sullivan 
counties. This was a memorable experience, 


since we learned at first hand the problems of 
the professional nurse engaged in public health 
work in rural areas. These women were keen- 
ly aware of the increasing number of aged com- 
ing into their sphere of influence, were taking 
measures to meet the challenge, and were eager 


to learn new techniques, new approaches, and 
new viewpoints. They were going about try- 
ing to set up recreation centers, special clinics, 
and special home services. 

A textbook, “Geriatric Nursing”, by Miss 
Kathleen Newton of New York Hospital has 
recently been published and deserves credit as 
the first in the field. It is well written and can 
be recommended to both students and graduate 
nurses (6). 

In the field of undergraduate nursing educa- 
tion, encouraging progress is also being made. 
Following the spring meeting of the League 
at the Home, groups of student nurses from 
the Presbyterian Hospital and the St. Luke’s 
Hospital Schools of Nursing have visited the 
Home for a tour of inspection and a talk by 
Miss Blanche Gubersky, our Director of Nurs- 
ing (3). In time, no doubt, more stress will 
be placed in the curriculum of nursing schools 
on the physical and mental characteristics of 
the aged and how nursing care must be modi- 
fied to meet these varying requirements. One 
can hardly overemphasize the importance of 
understanding the psychologic processes of the 
elderly, both normal and abnormal. 

At this point there comes to mind the state- 
ment of the late William H. Matthews, who 
was a leader in establishing our modern atti- 
tudes. “If I were giving a Civil Service exam- 
ination to persons who were to have the care 
of old people I would first try to find out 
whether they liked old people. If I discovered 
one who did not I should mark her so low that 
she would not be appointed. I did not mean 
by that I expected them to like equally every 
old person they met. I did mean that they 
must not have the attitude of mind which some 
people have that old age is a sort of chattering 
nuisance to be shoved around and kept out 
of one’s way. People who do not like old 
folks, just because they are old, ought to stay 
away from them. In so doing they will save 
both themselves and the old people unhap- 
piness” (5). 

For private duty nurses as well as for those 
in general hospitals the increasing number of 
older patients bring new problems that press 
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for solution. Kresky and Luykx (4) reported 
nearly six years ago on the experience of the 
Third Medical Divisoon, Bellevue Hospital, 
New York, under the suggestive title, “The 
Patients are Older and Stay Longer” 

In the Coordinated Hospital Service Plan of 
the United States Public Health Service the 
general hospital provides the aged with diag- 
nostic service requiring complex procedures, 
as well as with therapy involving new or heavy 
equipment. Its psychiatric division will be 
called to furnish diagnostic and therapeutic 
service for elderly sufferers from mental dis- 
orders and to differentiate those requiring state 
hospital care from those for whom short term 
treatment may suffice. The responsibilities of 
the nursing services under this plan of organ- 
ization will continue to grow in significance. 

In hospitals for chronic disease where many 
of the patients are in the higher age groups 
and in the modern homes for the aged, where 
the aged are the objects of a careful program 
for maintaining their physical and mental 
health, the professional nurse must assume a 
new position of leadership by the side of the 
medical staff and must be capable of continuing 
development and increasing understanding 
(10). An important function here is the train- 
ing of so-called “practical’’ nurses and attend- 
ants for a variety of duties. 

The development of home care plans in con- 
nection with general hospitals and homes for 
the aged requires the active cooperation of the 
services of visiting nurses, who have long been 
aware of the large numbers of old people 
among the clientele. In such extramural med- 
ical programs the nurse works closely with 
the medical social worker, the visiting home- 
maker or housekeeper, and the visiting physi- 
cian. Great importance today is being placed 
on the care of older patients in their own 
homes because it is psychologically desirable 
and economically unavoidable, since the num- 
ber of needy elders is increasing far more 
rapidly than we can possibly provide institu- 
tional beds. 

The present case load of the Visiting Nurse 
Service of New York has recently been made 


available to me through the courtesy of Miss 
Marian Randall, Director of the agency, and 
of Miss Mabel Reed, Statistician. In the 
first half of 1950 (January-June) nurses from 
their organization visited 4,000 patients 65 
years of age and older. They made 53,000 
visits to this group of aged patients. “During 
that period our field staff averaged 175 nurses, 
exclusive of those in supervisory positions. At 
present more than 75 per cent of all visits are 
made to sick persons and only one fourth to 
maternity, infant and other health supervision 
cases. Forty per cent of all morbidity visits 
(30 per cent of all visits) are made to patients 
at least 65 years of age. Two thirds of all 
morbidity visits (one half of all visits) are 
made to patients who have passed their fifty- 
fifth birthday” (7). 

The urgency of the situation is nowhere 
more apparent than in state psychiatric hos- 
pitals where much of the overcrowding is due 
to the large numbers of old people whose ad- 
vanced mental deterioration requires institu- 
tional care. Increased understanding is there- 
fore required of the psychiatric nurse, but 
enlightened attitudes may in time make it pos- 
sible to keep more of these old people out of 
the state hospitals. 

Implicit in the education of the professional 
nurse is the stimulation of an optimistic atti- 
tude toward the ills of the old and the instruc- 
tion in methods of the prevention of accidents, 
of infections, of premature cardiac break- 
downs, and of malnutrition. The work of the 
New York University Institute of Rehabilita- 
tion under the leadership of Dr. Howard Rusk 
is directly applicable to the problems of the 
aged (8). Understanding of the basic princi- 
ples involved is obligatory for the professional 
nurse and her wholehearted cooperation is in- 
dispensable. 

That over-all community planning for the 
old in health and disease is an increasingly sig- 
nificant field for the professional nurse is well 
known to leaders in nursing education. It is 
important to realize that the impact of the aged 
on our social organization is such as to involve 
nurses in many varied fields of endeavor. 
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The community desperately needs the services 
that can be given only by the professional nurse 
in leadership, in education, in caring for the 
sick and the handicapped, and in the prevention 
of disease and infirmity. 


Much of our effort to date in the field of 
old age has been limited to individual groups 
of workers or to special institutions. Often 
the general hospital is overlooked entirely and 
even today some writers on social welfare as- 
sign a secondary role to the physician. Such 
arbitrary division of activities can only do 
harm. The greatest measure of success in 
combatting a baffling and difficult problem can 
only be realized through coordinated efforts 
of public and private agencies and of medical, 
nursing, and social welfare organizations. 
These groups must in turn be associated close- 
ly with the research workers in the fields of 
biochemistry, physiology, nutrition, internal 
medicine, psychiatry, sociology, clinical psychol- 
ogy, and anthropology, for on these disciplines 
depend the developments of the future. 


The role of the professional nurse in this 
large area of endeavor can hardly be overesti- 
mated, and every effort must be made to pre- 
pare personnel specially for this work. To do 
this will require broader educational founda- 
tions than ever before, and even the most vig- 
orous critics of nursing education will have to 
admit the cogent social need for the profes- 
sional woman thoroughly trained and carefully 
equipped for high endeavor in uncharted fields. 


SUMMARY 


In this paper, addressed to professional 
nurses, the many ways in which they may par- 
ticipate in community efforts for the welfare 
of old people are outlined. Nursing educators 
are endeavoring to bring the necessary expert 
knowledge to both graduate and undergraduate 
students. A plea is made for greater cooper- 
ation between medical, nursing, and social serv- 
ice organizations in offering the best care to 
older individuals. 


From the Medical Department, The Home for Aged 
and Infirm Hebrews, New York, New York. 


REFERENCES 


1. Feamon, G.: Better Care for Older Patients. 
Am. J. Nursing, 48: 702-705, 1948. 

2. Gellbach, S. B.: Nursing Care of the Aged. 
Am. J. Nursing, 43: 1112-1114, 1943. 

3. Gubersky, B.: The Nursing Program of a 
Modern Home for the Aged. Pub. Health Nurs- 
ing, 41: 582-584, 1949. ; 

4. Kresky, B., and Luykx, H. M. C.: 
Older and Stay Longer. 
1044. 

5. Matthews, W. H.: Adventures in Giving. Dodd, 
Mead & Co., New York, 19309. 

6. Newton, K.: Geriatric Nursing. C. V. Mosby 
& Company, St. Louis, 1950. 

7. Personal communication. 

8. Rusk, H. A., and Taylor, E. J.: New Hope for 
the Handicapped. Harper & Co., New York, 1949. 

9. Smead, M. E.: The Older Nurse in Industry. 
Am, J. Nursing, 43: 1070-1071, 1943. 

1o. Zeman, F. D.: Medical Organization of the 
Modern Home for the Aged. J. Gerontol., 5: 
262-266, 1950. 


Patients are 
Hospitals, 18: 21-25, 


Submitted for publication June 20, 1950 
The author’s address is: 
Dr. Frepertc D. ZEMAN 


111 East 88 STREET 


New York 28, New York 


Th 


long 
day 
woul 
oscle 
of s 
vein: 
us le 
bolis 
In 
by a 
the t 
of t 
histo 
mun 
worl 
dire 
leade 
and 
unhz 
on 
geni 
and 
TI 
be si 
onar 
of h 
eithe 
—th 
hear 
freq 
lesio 
in t 
cent 


sional 
par- 
elfare 
‘ators 
xpert 
duate 
oper- 
serv- 
re to 


Aged 


tients, 
Aged. 


of a 
Nurs- 


ts are 
21-25, 


Dodd, 


Mosby 


for 
1949. 
ustry. 


f the 
52 


Proceedings of the Symposium: Studies on 
Arteriosclerosis 


Third Annual Scientific Meeting of Gerontological Society, Inc. 
NOVEMBER 12, 1950 


PAUL D. WHITE: Clinical Aspects (Boston, Massachusetts ) 


for man’s inhumanity to man, the 

greatest threat to health, happiness, and 
longevity in our so-called civilized countries to- 
day is, in all probability, arteriosclerosis. I 
would have you read arterial disease for arteri- 
osclerosis since atheroma, in itself the precursor 
of sclerosis, may be even more serious. The 
veins though often seriously diseased threaten 
us less, with the exception of pulmonary em- 
bolism from leg vein thrombosis. 

Innumerable thousands are crippled or kiiled 
by arterial disease in youth and middle age at 
the thresholds or even more often at the peaks 
of their useful careers. Time and again the 
history and forward progress of family, com- 
munity, city, state, nation, or indeed of the 
world itself has been halted or changed by the 
dire effects of this disease on some important 
leader or group of leaders. It may also be, 
and I suspect that this is true too, that some 
unhappy events are avoided by a similar effect 
on the brain or heart of some malignant 
genius; of that we hear less although we now 
and then have our hopes. 

The threat is a varied one, mostly cardiac to 
be sure, because of the involvement of the cor- 
onary circulation, and I would like to inter- 
polate here the remark that the major volume 
of heart disease results from vascular causes, 
either coronary atherosclerosis or hypertension 
—there is very much less important primary 
heart disease which is nonvascular in origin. 
The brain, the kidneys, and the legs are also 
frequently crippled by arterial disease. The 
lesion may be very localized in almost any spot 
in the body, even doubtless in the memory 
center in the cortex defined recently by Pen- 


field; I have myself encountered such a case, 
I believe, only the other day, an elderly man 
with nothing to be found wrong except for the 
sudden onset, for unknown reason, of a loss 
of memory. 

Thus, today one needs no excuse for concen- 
trating research in the field of arteriosclerosis. 
There is far too little as yet. Indeed it has 
been surprising that this most important disease 
of all has been so slow in being taken up as a 
challenge for research. I suppose that three 
of the reasons have been 1) that it has been 
considered chronic (without appreciation of the 
fact that it may begin as a serious acute pro- 
cess), 2) that it is predominantly in older per- 
sons, and most young persons, that is, under 
40, are likely to regard it rather a waste of 
time to study or treat persons over 70, and 3) 
that it is irreparable and viewed as God’s will. 

After these introductory remarks I would 
like to cite briefly a few ways in which the 
clinical aspects of arteriosclerosis, which can 
yield important clues as to the etiologic factors, 
may be clarified by further researches. The re- 
sults of such studies may help to point out the 
directions in which more fundamental investi- 
gations both in animals and in man may be 
more wisely pursued. 

First, then, we should know, better than we 
know today, the actual frequency of important 
manifestations of arteriosclerosis, not only in 
old age but also in youth and middle age in 
this country. We need to do some extensive 
and intensive case finding in which there should 
be a happy blending of private enterprise (by 
way of private practitioners of medicine and 
private agencies such as local heart associa- 
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tions, state medical societies, and research 
groups in medical schools and teaching hos- 
pitals) with public enterprise (by way of state 
and federal grants of funds and a supply of 
workers when needed to assist in such investi- 
gations ). 

We have but vague ideas and inadequate 
statistical knowledge of the actual incidence of 
arteriosclerosis involving heart, brain, kidneys, 
or legs in supposedly healthy men, say 50 
years old, throughout the breadth of this 
country today. I was not unduly surprised the 
other day to read in an article, by reliable 
observers, of the electrocardiographic findings 
in persons over 45 years of age with angina 
pectoris and in a control series of 100 persons 
over 45 years of age without any other evi- 
dence of heart disease, that 15 per cent of the 
control group showed abnormal records, for 
the most part doubtless due to otherwise silent 
coronary heart disease. We need careful studies 
of thousands of such control cases as well as 
of the obviously sick ones. 

A second opportunity that awaits us is re- 
lated to the first but is more promising as to 
etiologic clues. It is an obviously needed study 
and has been frequently referred to in recent 
years by myself and others. It requires, how- 
ever, much planning and implementation, best 
I suppose on community, state, interstate, na- 
tional, and international levels. It is to be, we 
hope, one of the functions of the new Inter- 
national Society of Cardiology founded in 
Paris two months ago. It consists of a com- 
parison of the cardiovascular findings in large 
groups of the population differing in one or 
more characteristics, such as diet (including a 
possible effect from religious fasting and feast- 
ing), occupation, customs, climate, body build, 
sex, heredity, and race. 

The two most clearcut clues as to coronary 
artery atherosclerosis which we possess already 
but the explanation of which we still lack are 
1) that under the age of 40 coronary heart 
disease affects the male sex in an extraodinary 
proportion (in a study of 200 such cases in 
Boston there were 193 men and only 7 women), 
and 2) that it is the mesomorph (the person 


of preponderantly muscular build) in contrast 
to the ectomorph (one of thin build) or en- 
domorph (one of rotund build) who is most 
likely to be the victim of serious coronary ath- 
erosclerosis in youth. 

Extensive research as to the relative impor- 
tance of other factors will be, admittedly, often 
a difficult task because of the frequent combi- 
nations of such factors, but it should by no 
means be insuperable. At present there are 
only rarely statistically and scientifically ade- 
quate observations about these comparisons; 
mostly there are merely theories or rumors or 
guesses. Results of animal experimentation, 
valuable though it be and of, fundamental im- 
portance, cannot always be applied to man or 
even to other species of the animal kingdom, 
as witness some of the discussion to which I 
listened at the interesting meeting of the Amer- 
ican Society for the Study of Arteriosclerosis 
in Chicago a week ago this morning. Neither 
can we always duplicate in animals the lesions 
in man, who lives longer than most animals. 
Nor can we justifiably experiment on man ex- 
cept in a benign way. 

Thirdly, we can study more than we have 
in the past the effect of various disease pro- 
cesses as a possible background for arterio- 
sclerosis in man. We already know that 
diabetes mellitus, severe chronic hypertension 
(either systemic or pulmonary ), xanthomatosis. 
and syphilitic aortitis favor the superimposition 
of arteriosclerosis, but the majority of cases of 
presenile arteriosclerosis apparently have had 
none of these diseases. It was of interest to 
Dr. Glendy, Dr. Levine, and myself some ten 
or twelve years ago that a group of several 
hundred healthy persons over 80 years old had 
had in their youth much more serious infectious 
disease such as diphtheria, scarlet fever, and 
typhoid fever, than had a group of 100 per- 
sons who developed coronary heart disease be- 
fore the age of 40; many of whom had had 
almost nothing in the way of apparently im- 
portant infections. 

Finally, I shall refer to one other clinical 
aspect of arteriosclerosis which might profit- 
ably be explored though there are doubtless 
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still others of equal or greater importance. 
For a long, long time, dating back to the time 
of Hippocrates or beyond, there have been 
therapeutic and prophylactic measures, based 
on empiricism alone, recommended for the 
prolongation of life, in part I dare say through 
retardation of the development of arterioscler- 
otic changes, that deserve at least mention. 
Such measures include the prescriptions of 
regulated exercise, rest, entertainment, diet, 
and mineral water, inside and out, at the 
ancient asklepia in Greece and spas from 
Roman days down to our own. 

A so-called “cure” lasting three weeks even 
only once a year may conceivably increase a 
healthy longevity in the case of the average 
business or professional man of modern times 
who is so harassed by the pressure of life to- 
day that he never thinks that he has time for 
relaxation, physical or mental, or for a proper 
use of the musculature, often abundant, with 
which he is endowed, although he continues 
to eat heartily. 

Perhaps a proper use of his muscles by the 
mesomorph, who is a candidate for early 
coronary atherosclerosis of serious degree, is 
more important than his diet. Muscular 
metabolism, in large part neglected in current 
studies, may be as important as the metabolism 
of fat, and in particular of cholesterol, in re- 
lation to presenile arteriosclerosis or indeed 
to senile arteriosclerosis. Only the other day 
I examined a healthy and lively old gentleman, 
aged 100 years the week before, and found 
no evidence of arteriosclerosis except for a 
slightly abnormal electrocardiogram; he began 
to work at the age of 11, retired at the age of 
93 but has continued to be as physically active 
and lively as he has been all his life. There 
is an old German saying: 


Wenn mann weiss nicht wieso, warum, 
Dann gibt mann gleich Iodkalium. 


Do the iodides or thyroid extract retard the 
development of arteriosclerosis? Thyrotoxico- 


sis seems to be protective in that respect, but 
is there anything in these drugs or others such 
as choline and lecithin that do really help? In 
foreign lands there are doubtless old traditions 
of the protective influence of one or another 
ancient food, drug, or custom from which clues 
might come. There has been a current re- 
vival of the use in this country of the yogurt 
(or yaourt) of the Near East along with black 
strap molasses, and brewer’s yeast that sounds 
almost as unpalatable as the rice diet. 

Let me close with a confession of tardiness 
of insistence by some of us clinicians working 
in the cardiovascular field of the urgency of 
research about arteriosclerosis. Leary, Anit- 
schkov, and a few other pathologists like them 
were as prophets crying in the wilderness be- 
seeching us to do something about it. Only 
the pressure of the magnitude of the problem ~ 
today, based in part on the effectiveness of 
the many workers in the field of the infectious 
diseases, in particular infantile dysentery, diph- 
teria, and tuberculosis in childhood and typhoid 
fever and pneumonia in youth, and now we 
may hope streptococcus sore throat and rheu- 
matic fever, has forced our hand. Happily 
the challenge has been accepted and it seems 
obvious to me that the more numerous the 
well trained workers whom we can put on the 
job in well equipped clinics and laboratories 
with ample freedom to work at their own 
bright ideas, as well as in cooperative studies, 
the sooner we shall be making real headway 
in meeting the challenge which incidentally 
concerns old people as well as our youth and 
middle aged. 

I would finish by quoting from a recent 
article by Best published by the Federation of 
American Societies for Experimental Biology: 
—“We hope and expect that those whose most 
vigorous and productive years in research lie 
in the second half (of the twentieth century) 
will explain many ‘intimate actions’ which we 
have left unsolved”. 
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W. STANLEY HARTROFT: E-vperimental Renal Hypertension of Dietary Origin 


(Banting and Best Institute of Medical Research, University of Toronto, Toronto, Canada) 


7 paths by which investigators have ap- 
proached the field of vascular disease are 
many. That followed in our laboratories at 
the University of Toronto originated with the 
successful isolation of insulin by Banting and 
Best. When sufficient insulin became avail- 
able for long-term investigations, it was dem- 
onstrated (1, 5) that despite adequate treat- 
ment of the diabetes of depancreatized dogs 
with insulin, their livers became very fatty. 

A series of further experiments established 
that the oral administration of choline would 
not only prevent the accumulation of excess 
. fat in the livers of these animals (2, 6, 28), 
but also correct the condition once it had de- 
veloped. This finding was subsequently ex- 
tended to normal rats by Best and his associ- 
ates (30), and it ts now known that the pres- 
ence of an adequate supply of lipotropic fac- 
tors in the diet—choline or its precursors, 
methionine and betaine—is necessary to pre- 
vent fatty change in the livers of not only dogs 
and rats, but also many other species. 


The available evidence indicates that this 
also applies to man. It is now known beyond 
question that the fatty liver of dietary choline 
deficiency may be followed by the development 
of grossly nodular cirrhosis (7, 10, 11, 15, 18, 
25). Experiments conducted in this laboratory 
have suggested that the frequent association 
of cirrhosis with habitual and excessive con- 
sumption of alcoholic beverages may be ex- 
plained by a relative deficiency of lipotropic 
factors (4). 

In 1939, Griffith and Wade (17) reported 
that a deficiency of choline in the diet of wean- 
ling rats not only caused their livers to become 
very fatty, but also rapidly (within seven to 
ten days) led to an acute fulminating renal 
lesion, most often fatal to the animal. These 


authors described associated changes in other 
organs (ocular haemorrhages, thymic atrophy, 
adrenal cortical enlargement) and included all 


these lesions in the term “haemorrhagic renal 
syndrome.” 

The reports from our laboratory (3, 27) 
that a persistent and severe degree of hyper- 
tension may develop in rats fed a normal diet 
for three to four months after they have sur- 
vived the haemorrhagic renal syndrome have 
now been confirmed by other investigators (9, 
20, 31). The type of renal damage produced 
in the young animals by choline deficiency will 
first be described, and the lesions in the vessels 
and kidneys associated with the development 
of hypertension in the later life of survivors 
will then be considered. Finally, some of the 
factors which may elevate blood pressure in 
these animals will be indicated. 


Acute renal damage in young rats produced 
by a dietary deficiency of choline—Christen- 
sen (12, 13) has described the pathology of 
the renal lesions responsible for the death of 
weanling rats (35 to 42 gm.) which may result 
from an acute deficiency of dietary choline. 
Grossly the kidneys appear red, smooth, and 
very swollen; in fact their weights may in- 
crease to twice normal. Necrosis of groups 
of tubules in the cortex is the most important 
finding on microscopic examination. Capillaries 
in some regions are compressed by the swollen 
parenchyma and in others are distended with 
blood. Areas of haemorrhage are found with- 
in and beneath the layers of the renal capsule. 
Lesions of the glomeruli range from acute con- 
gestion to frank necrosis, but these structures 
are not so uniformly involved as the tubules, 
and in many cases glomerular necrosis may be 
limited to the outer third of the cortex. Epithe- 
lium of medullary tubules is relatively un- 
affected, but their lumina are filled with innum- 
erable eosinophilic casts of a colloid nature, 
and these constitute a prominent feature of 
the microsections. 

The pathogenesis of these renal lesions has 
been studied in this laboratory (24, 26). His- 
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tologic observation of the kidneys of weanling 
rats, groups of which were killed at daily in- 
tervals while fed a choline-deficient diet, dem- 
onstrated that renal cortical necrosis was the 
result of the following series of events. With- 
in the first day or two after the animals were 
started on the basal diet, many small droplets 
of stainable fat made their appearance within 
the cytoplasm of the epithelium of the proximal 
convoluted tubules. As the lesions progressed, 
the amount of sudanophilic lipid in many of 
the tubules became increasingly great. This 
was accompanied by a simultaneous swelling 
of the tubule-cells which contained lipid. 


At this stage, special cleared preparations 
to demonstrate the renal vasculature, which 
had been injected with india ink, revealed a 
significant reduction in the diameters of the 
cortical capillaries in the peripheral and sub- 
capsular portions of each renal lobule. Further 
study of these and other microsections provid- 
ed evidence that swelling of fatty tubules was 
responsible for this compression of intertubu- 
lar capillaries of the terminal portions of the 
lobular vascular tree. 


For convenience, this chain of events has 
been designated “TOC” (tubular obstruction 
of capillaries). The ischaemia produced by 
TOC was found responsible for the tubular 
necrosis. The capillary bed, proximal to the 
regions where it became obstructed, was dis- 
tended with arrested blood, but haemorrhage 
occurred only in those sites where swollen 
tubules did not support the vessels on all sides, 
i.e., beneath the capsule. This haemorrhage, 
consequently confined to subcapsular regions, 
is responsible for the characteristic gross ap- 
pearance of the organs. 


Necrotic debris from tubules in the cortex 
became washed into the lumina of those in the 
medulla where it was precipitated in the form 
of eosinophilic casts. Photomicrographs to 
demonstrate this and other supporting evidence 
have been published elsewhere (24). The 
pathology of the ocular, thymic, and adrenal 
lesions has been carefully studied (8, 14, 16, 
32), but will not be discussed here, as their 


relation to hypertension in rats which survive 
the syndrome is not evident at present. 


Renal and vascular lesions associated with 
hypertension which develops within three to 
five months in survivors of the haemorrhagic 
renal syndrome which have been fed normal 
diets—In the experiments reported from this 
laboratory (27), the death of many of the 
young rats in which the renal haemorrhagic 
syndrome had been produced was prevented by 
replacing the choline-deficient diet after five 
to six days with a normal stock ration. In 
slightly over 50 per cent of 62 such survivors, 
hypertension developed within three to five 
months. None of these animals were consid- 
ered hypertensive unless the average of systolic 
and diastolic levels of blood pressure measured 
by a direct method was higher than 150 mm. 
Hg., (the average figure for 36 controls was 
118 mm. Hg.). The degree of cardiac hyper- 
trophy and the severity of renal and vascular 
lesions found at autopsy varied directly with 
the level of blood pressure. 

In contrast with the striking tubular lesions 
which were found in the kidneys of those ani- 
mals which died from the acute effects of the 
haemorrhagic renal syndrome, the changes 
which were most prominent in microsections. 
of kidneys of the hypertensive rats were pres- 
ent in the glomeruli. Their number was great- 
ly reduced, and those which remained varied 
in size all the way from small atrophic struc- 
tures in the subcapsular zones to others situ- 
ated more deeply within the cortex which were 
hypertrophied—some even to such a degree 
that they were twice the normal in diameter. 

Nearly all glomeruli were found affected to 
some extent by pericapsular fibrosis and by 
hyalinization of the capillary loops. The 
tubules of both cortex and medulla were simi- 
larly affected in that all extremes from sclerotic 
atrophy to hypertrophy were encountered ; 
some were greatly distended and filled with 
intensely eosinophilic casts. Tubules of the 
latter type, when cut in cross section, some- 
times presented an appearance which in a re- 
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markable manner closely resembled that of thy- 
roid follicles. 

Counterparts of the vascular lesions which 
characterise cases of both benign and malignant 
phases of hypertensive disease in man were 
found in the kidneys of the hypertensive rats. 
Cellular hyperplasia of adventitial and muscu- 
lar layers of many of the arterioles had pro- 
duced an appearance which resembled the lay- 
ers of an “onion-skin”. Subendothelial de- 
posits of eosinophilic hyaline material had nar- 
rowed the lumina of others. In a small num- 
ber of animals in which the blood pressure 
had attained levels of 190 mm. Hg. or over, 
and in which renal damage had been sufficient 
to produce impairment of excretory function, 
fibrinoid necrosis of the arterioles was present. 
These latter lesions were identical with the 
arteriolar necrosis found in the malignant phase 
of hypertension in man. 

Cleared slices of kidneys of hypertensive rats 
which had been injected intravascularly with 
india ink served to demonstrate the extent to 
which the glomerular vascular bed had been 
reduced, and the degree to which this had oc- 
curred in any one animal was clearly corre- 
lated with the height of its blood pressure at 
the time it was sacrificed. For this reason 
it was suggested that this reduction in the 
capacity of the glomerular vascular bed might 
be considered a crucial factor in the patho- 
genesis of hypertension in these rats. Doubt- 
less other factors of equal or even greater im- 
portance are also involved, and these will be 
indicated in the final section of the paper. 

At least two processes are concerned with 
the pathogenesis of the renal lesions which 
were encountered at autopsy of the hyperten- 
sive animals. Evidence of the irreversible 
changes in nephrons which had occurred dur- 
ing the acute period of choline deficiency still 
stigmatised these kidneys months later when 
the rats were killed. Deposits of haemosiderin 
pigment and of calcium salts in the subcapsular 
zones and in some of the atrophic tubules prob- 
ably originated in this manner. On the other 
hand, glomerular sclerosis and arteriolar thick- 
ening were more likely the direct result of the 


hypertension, per se, once it had become estab- 
lished. 

Histologic studies of animals sacrificed at 
intervals during the latent period at the time 
of recovery from the acute renal damage, but 
prior to the onset of hypertension, have indi- 
cated that renal lesions at this stage are not 
prominent. The most striking alterations in 
glomeruli and tubules which escape destruction 
during the acute period occur after the level 
of blood pressure is found to have risen. Lysis 
of tubules and glomeruli which are destroyed 
by necrosis is so complete as to leave only in- 
conspicuous traces of the true extent of the 
damage. 

But as the nephrogenic zone (23) at the 
renal periphery is that which has been sub- 
jected to the greatest degree of injury, there 
is disturbance of the usual physiologic hyper- 
trophy and hyperplasia of nephrons which oc- 
curs chiefly in this region as a concomitant 
of normal renal development during the period 
in the rat’s life which would correspond to 
adolescence in man. The growth rate of the 
kidneys is accordingly impaired, but as the 
animals are being fed a normal diet, the rate 
of gain in total body weight approaches that 
of normal controls. 

It is suggested that the resultant imbalance 
between the speed of maturation of the animal 
as a whole and of its kidneys is an important 
factor in the aetiology of the hypertension 
which manifested itself by the time these rats 
had attained sexual maturity. 


Factors responsible for the elevation of blood 
pressure in dietary hypertension—In addition 
to those factors which have been suggested 
above, there is much evidence that others of 
equal importance are involved, and these will 
now be considered. Before it was discovered 
that hypertension could be produced in sur- 
vivors of the haemorrhagic renal syndrome by 
transferring them to a normal diet, it had been 
shown that the levels of blood pressure re- 
mained within normal limits in rats maintained 
on choline-deficient rations for periods of sev- 
eral months (29, 33). 
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Although renal damage of a chronic type 
develops only slowly in these animals, it may 
finally attain a degree comparable to that en- 
countered in the hypertensive rats. Unpub- 
lished data obtained in our laboratories have 
indicated that despite the absence of hyper- 
tension in rats with advanced chronic lesions 
of this type, there is a significant increase in 
their cardiac weights. Cirrhosis is frequently 
severe in these rats, but even in a few in 
which the liver had escaped any appreciable 
amount of damage hypertension was absent. 

These nonhypertensive animals, which had 
been subjected to long periods of dietary 
choline deficiency, differed from the hyper- 
tensive rats in that they were invariably 
thin and underdeveloped—and it was apparent 
that this would have minimised any tendency 
towards an imbalance between the rate of gain 
in body weight and of renal growth. However, 
the necessity for considering certain hormonal 
factors and the composition of the diet in any 
attempt to explain the above data has been 
shown by the recent experiments reported by 
Handler and Bernheim (19, 20, 21, 22). 

These investigators found that hypertension 
in survivors of the haemorrhagic renal syn- 
drome could be abolished if they were fed syn- 
thetic diets low in either protein or salt in- 
stead of normal rations. They also demon- 
strated that the hypertension produced in rats 
by subtotal nephrectomy could be eliminated 
by feeding the animals a choline-deficient diet. 
Elevation of blood pressure recurred if adre- 
nocorticotrophic hormone was administered to 
these animals, but this procedure had no effect 
on the blood pressures of choline-fed controls. 
The depressor effect of a choline-deficient diet 
was present even when the level of protein was 
kept within normal limits. 

The addition of choline in excessive amounts 
had been shown to exert a pressor effect when 
added to low-protein diets, but a pharmacologic 
effect may be involved here. A supplement of 
0.35 per cent choline chloride, when added to 
the choline-deficient diet of animals in which 
the chronic type of renal damage had been 
produced, failed to elevate their blood pressure 


in experiments conducted in this laboratory 
(unpublished data). The depressor effect of 
low-protein or choline-deficient diets in Hand- 
ler and Bernheim’s experiments was considered 
by these authors to be mediated through the 
anterior pituitary since the administration of 
epinephrine produced only one-half as great a 
decrease in the eosinophile count as occurred 
in control animals similarly treated. 

This brief discussion has probably only 
served to a limited extent to indicate some of 
the gaps in our knowledge of the factors re- 
sponsible for the production of experimental 
dietary hypertension by the procedures de- 
scribed in the first half of this paper. Accu- 
rate evaluation of the relative importance of 
the roles played by renal damage, growth rate, 
hormonal production by the anterior pituitary 
and the adrenal cortex, and the composition of 
the diet cannot be attempted until the neces- 
sary data have been provided by further in- 
vestigations of the type already completed by 
Handler and Bernheim. 

In conclusion, it should be emphasised that 
the production of the acute haemorrhagic renal 
syndrome in any experimental animal other 
than the young rat has not been achieved. Any 
attempt therefore to apply the results of these 
investigations to the field of clinical medicine 
cannot be justified at the present time. To 
the geraeologist, however, the demonstration 
that the experimental counterpart of a disease 
commonly associated with late life may have 
its origin in a brief, acute episode in child- 
hood should be of interest. It is possible that 
a similar approach to the problems confront- 
ing the investigator of other disorders com- 
monly associated with old age, such as cancer 
or diabetes, might prove rewarding. 


These investigations were aided by a grant from the 
National Research Council of Canada and were also 
financed in part by the Nutrition Foundation in New 
York. 
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HENRY S. SIMMS: A Review of Research on Lipfanogens and Antilipfanogen (Department 
of Pathology, College of Physicians and Surgeons, New York, New York) 


: iw effect of agents present in adult blood 

plasma on the deposition of fat in adult 
artery tissue cultures has been studied over a 
period of years (1, 2, 3,4). There is definite 
evidence that the following agents are present 
in blood plasma: 


Ether-soluble free lipfanogens, and 

Ether-insoluble free lipfanogens. The 

lipfanogens (substances producing visi- 

ble fat) are special heat-stable lipoid 
substances that are taken up by living 
cells and converted into visible fat. These 
lipfanogens include both ether-soluble 
stances and ether-insoluble material (per- 
haps lipoproteins). They are found not 
only in plasma but in various tissues. 

They are stable at 100-C. They are not 

necessarily high in cloudy serum. 

3. Combined lipfanogens and antilipfan- 
ogen. This complex does not produce 
fat deposition. Only the free uncom- 
bined lipfanogens cause the deposition of 
fat. 

4. Free Antilipfanogen. Antilipfanogen is 
an opposing agent which reduces or pre- 
vents fat deposition. It is present in 
blood plasma and seems to form an in- 
active complex with the lipfanogens. The 
formation of this complex obeys the fol- 
lowing equilibrium equation : 


| Free Antilipfanogen] [Free Lipfanogens ] 
| Lipfanogen-Antilipfanogen Complex | 


Antilipfanogen is found in the serum al- 
bumin fraction (Cohn’s Fraction V) but 
not in significant amounts in tissue ex- 
tracts. It has been separated in concen- 
trated form and further work on its iso- 
lation is in progress. Antilipfanogen is 
destroyed by heating at 80 C. 


5. Precursors. These substances in blood 
plasma do not in themselves cause fat 
deposition but, on incubation at 37 C. 
(in the presence of an enzyme also in 
plasma) are converted into free lipfan- 
ogens. Heating at 100 C. kills the 
enzyme and stops the conversion. 


DETERMINATION OF ACTIVITY 


In order to determine the concentrations of 
lipfanogens and antilipfanogen in a given 
sample of serum, tissue cultures of adult 
chicken aorta fibroblasts are specially prepared 
in such a way that they are free from fat 
granules. Three separate cultures are then 
treated with solutions containing portions of 
serum which have been: 1) unheated, 2) 
heated at 80 to 100 C., and 3) incubated three 
days, then heated at 80 to 100 C. The total 
amount of lipfanogens, free plus bound, (ex- 
pressed on an arbitrary scale proportional to 
the concentration, with normal values of about 
30 units and in extreme cases up to 70) is in- 
dicated by the extent of fat granule formation 
produced by the heated serum (portion 2). The 
amount of antilipfanogen (free, combined, and 
total) is computed from the fat granule produc- 
tion of the first two solutions. The amount of 
precursor is represented by the difference be- 
tween the fat granule production of the second 
and third solutions. 


RELATION TO ARTERIOSCLEROSIS 


The following evidence indicates that the 
lipfanogens are involved in the fat deposition 
of atherosclerosis and that antilipfanogen 
serves to prevent this deposition, so that the 
tendency toward fat deposition is controlled by 
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the relative amounts of antilipfanogen and of 4. This free L/A ratio was found to be 18 
lipfanogens : high in the serum in diabetes (1.57), in 
1. Segments of adult chicken innominate coronary disease (2.09), and in nephrotic 
arteries incubated in a medium contain- syndrome (2.62). The same sera were 
ing lipfanogens developed deposits of high in cholesterol and other lipoids. The 
stainable fat strongly resembling the data are summarized in table 1. ‘ 
type of deposits seen in spontaneous Studies on sera from different species % 
chicken atherosclerosis. showed that those having low incidence Q 
2. Segments of human splenic arteries, of atherosclerosis had a low total L/A N 
similarly treated, developed slight stain- ratio (such as horses 0.6, and dogs 0.5). . 
able fat in the intima suggestive of early Conversely, chickens, with prevalent ath- N 
human lesions. Careful controls were erosclerosis, had a high ratio (2.0). 5 
run in all cases, each alternate segment . Thyroid extract given by mouth caused 
serving as a control. an immediate increase in the antilipfano- 
3. In a series of studies on human serum gen in the serum. 
it was found that the ratio of free lip- It has been found, furthermore, that in a 
fanogens to free antilipfanogen was _ given individual, the ratio of total lipfanogens/ 
slightly lower in females than in males, antilipfanogen remains remarkably constant 
the average being about 0.92. while both these agents fluctuate from day to 
TABLE I, OBSERVATIONS ON LIPFANOGENS AND ANTILIPFANOGEN IN NORMAL INDIVIDUALS AND PATIENTS 
SUFFERING FROM VARIOUS DISEASES pe 
y 
rati 
Normal oronary ephrotic 
Individuals Diabetes Disease Syndrome a 
No. and Sex 5M, 10F 7M, 13F 15M, 12F 7M, 13F tota 
Mean Age 27 46 53 41 vari 
som 
Fat Regulators: lipf. 
Ly = Free Lipfanogens 7.6 9.3 9.4 8.2 Pr 
AL = Bound Lipfanogens 21.8 16.2 13.9 11.0 Hoy 
L; = Total Lipfanogens 31.6 26.7 23.3 , oa not 
P = Precursor 11.3 ts 13.2 14.8 
Arg = Ar — AL 
= Free Antilipfanogen 8.3 5.9 4.5 3.1 I 
A; = Total Antilipfanogen $2.2 22.7 18.4 14.1 t 
wit 
L;/Ar = Total Ratio 0.97 1.16 1.30 1.57 
othe 
Serum Lipoids: is h 
Total Lipoids 846 1305 1137 1417 thes 
Phospholipoids : 189 282 270 286 ther 
Cholesterol 
Free 53 81 82 92 ay 
Ester 145 209 195 214 una 
will 
Total 198 290 277 306 seru 
Other Lipoids 458 733 590 825 gen: 
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LIPOIDS 


\ 
| 


IPFANOGEN 
RATIO: ANTILIPPANOGEN 


Fic. 1 


day. It is therefore believed that the L/A 
ratio is important. The conditions involved 
in regulating the ratio are being studied. It 
will be observed in figures 1 and 2 that the 
total L/A ratio is roughly proportional to the 
various serum lipoids. The body may have 
some mechanism for eliminating the excess free 
lipfanogens, thus maintaining a constant ratio. 
However, present studies on liver disease have 
not indicated that the liver serves this function. 


- RELATION TO HyPERCHOLESTEROLEMIA 


It is well known that in conditions associated 
with high incidence of arteriosclerosis there is 
high serum cholesterol, phospholipoids, and 
other lipoids. We also know that the L/A ratio 
is high in these sera. The relationship between 
these phenomena has not been determined, but 
there are indications that the high serum lipoids 
may combine with antilipfanogen and render it 
unavailable for inactivating the lipfanogens. It 
will be noted in table 1 that with increasing 
serum lipoids there is a drop in total lipfano- 
gens, but a rise in free lipfanogens. 


9 
/ 
° 
Ae 


TOTAL LIPFANO 
RATIO: ANTILIPFANOGEN 


Fic. 2 


CHOLESTEROL DEPOSITION 


Very early atheromatous lesions are typified 
by a predominance of neutral fat, while chole- 
sterol is not observed to predominate, either 
visibly or by chemical analysis, until the lesions 
are more advanced. It is therefore suggested 
that (a) free lipfanogens may play the im- 
portant role in the fat deposition, (b) chole- 
sterol may enter the deposits along with the 
lipfanogens (either in solution or as part of 
the lipfanogen molecules), and (c) the neutral 
fats are subsequently metabolized, leaving an 
accumulation of cholesterol. 


SUMMARY 


Tissue culture studies have shown that blood 
plasma contains: (1) ether-soluble, and (2) 
ether-insoluble, free lipfanogens that are con- 
verted by living cells into visible fat deposits, 
(3) an inactive complex of lipfanogens com- 
bined with antilipfanogen, (4) free antilipfano- 
gen, in equilibrium with the complex, and (5) 
precursors that, on incubation, are converted 
into lipfanogens. 
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As evidence that these agents serve to reg- 
ulate the fat deposition in atherosclerosis, it 
is pointed out that fat deposits have been pro- 
duced in chicken and human arteries in vitro 
by the action of lipfanogens and that the free 
lipfanogens (as well as their ratio to antilip- 
fanogen) are high in those conditions and 
species associated with high incidence of ather- 
osclerosis, whereas free lipfanogens (and the 
ratio) are low in species having little or no 
atherosclerosis. A theory is suggested to ex- 
plain how hypercholesterolemia may upset the 
lipfanogens/antilipfanogen balance and there- 
by be an indirect cause of atherosclerosis. 

It is suggested that cholesterol deposition 
may occur in conjunction with lipfanogens 
rather than as a direct deposition. 


This investigation has been conducted in the Depart- 
ment of Pathology of the College of Physicians and 
Surgeons (Columbia University) with the coopera- 
tion of Dr. Kenneth B. Turner in the Department of 


Medicine. It has been aided by grants from the 
National Heart Institute of the National Institutes of 
Health of the U.S. Public Health Service, the Josiah 
Macy, Jr. Foundation, the Albert and Mary Lasker 
Foundation, the New York Heart Association, and 
the Life Insurance Medical Research Fund. 


REFERENCES 


1. Simms, Henry S., and Stillman, Nettie P.: Pro- 
duction of Fat Granules and of Degeneration in 
Cultures of Adult Tissue by Agents from Blood 
Plasma. Arch. Path., 23: 316-331, 1937. 

2. Simms, Henry S., and Stillman, Nettie P.: Fat 
Deposition in Arteries Treated in Vitro with the 
B Factor. Arch. Path., 23: 332-337, 1937. 

3. Simms, Henry S., and Sanders, Murray: Use of 
Serum Ultrafiltrate in Tissue Cultures for Study- 
ing Deposition of Fat and for Propagation of 
Viruses. Arch. Path., 33: 619-635, 1942. 

4. Simms, Henry S., Parshley, Mary S., and Pitt, 
Ruth B.: Fat Deposition in Vitro Caused by 
Lipfanogens and Opposed by Antilipfanogen. J. 
Gerontol., 2: 205-216, 1947. _ 


FORREST E. KENDALL: Lipid Metabolism (Goldwater Memorial Hospital, 
New York, New York) 


| Pong winter I was asked to summarize the 

biochemistry of arteriosclerosis, putting 
down only the facts which could, with cer- 
tainty, be said to be related to the disease. The 
task was extraordinarily easy. Information 
was available concerning changes in the compo- 
sition of arterial walls coincident with the 
development of arteriosclerotic lesions, but be- 
yond that point certainty did not exist. 

It was logical to conclude that since the de- 
position of cholesterol and cholesterol esters is 
such a characteristic feature of the arterial 
lesions, some abnormality in the metabolism 
of cholesterol was involved in the disease. Since 
it is likely that the cholesterol in the lesions is 
carried there by the blood stream, it was rea- 
sonable to assume that the level and the state 
of the cholesterol in the blood is an important 
factor in the disease. But it should be pointed 
out that at the present time discussion of the 
metabolism of cholesterol as part of the bio- 


chemistry of arteriosclerosis rests upon logic 
and a kind of logic wherein neither the major 
nor the minor premises are established. 

Since many of us believe that the unravel- 
ing: of the mysteries of cholesterol metabolism 
will furnish a clue leading towards.a better un- 
derstanding of what causes arteriosclerosis and 
what may be done to prevent or to cure it, the 
recent advances made in this field are extremely 
important. i 

During the last two decades notable progress 
has been made in the development of specific 
tools and methods for the study of biologic 
systems. This past year. the application of 
these tools to the study of cholesterol metabol- 
ism has been very fruitful. 

Some years ago it was shown by isotope tech- 
niques that cholesterol was synthesized in the 
body from acetate and other 2-carbon molecules 
and that cholesterol could be converted in the 
body into bile acids and substances at least sim- 
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ilar to the steriod hormones. This year Gould 
(5) has reported that cholesterol marked with 
radioactive carbon, C'*, can be completely 
oxidized to CO, in the body, and he has con- 
firmed the finding of Cook (3) that the feed- 
ing of cholesterol leads to the excretion of in- 
creased amounts of organic acids. Taylor and 
Gould (7) also reported that in rats and dogs 
the addition of cholesterol to the diet greatly 
reduces the rate at which cholesterol is syn- 
thesized from acetate by the liver. This in- 
dicates that in normal animals there is a sen- 
sitive control mechanism which governs the 
rate at which cholesterol is built up. 

As long as it was believed that cholesterol 
was metabolically inert and that its ultimate 
fate was excretion in the feces either as choles- 
terol or coprosterol, workers in this field were 
justified in focusing their attention upon the 
concentration and physical state of the chol- 
esterol in the serum. However, if cholesterol 
is subject to active metabolic changes in the 
tissues, the emphasis shifts from the serum to 
the cells. Changes in the serum levels become 
a symptom rather than a cause of arterioscler- 
osis. Actually this shift in viewpoint does not 
diminish the importance of studies of the serum 
cholesterol. The establishment of some clinical 
sign or symptom for the early diagnosis of 
arteriosclerosis is one of the most urgent needs 
in this field. 

The past year has seen a great increase in 
our knowledge of how cholesterol is transport- 
ed in the serum. Working upon pools of 
normal human plasma, Oncley and his associ- 
ates at Harvard (6) showed that most of the 
cholesterol in serum was present in large mole- 
cules which contain protein and phospholipid 
as well as cholesterol and cholesterol esters. 
These substances could readily be fractionated 
into two groups which were designated as 
alpha- and beta-lipoproteins. The alpha-lipo- 
protein contained about 50 per cent protein and 
50 per cent lipid. Cholesterol and phospholipid 
were present in approximately equimolecular 
This alpha-lipoprotein contained 
about one-fourth of the total serum cholesterol 
and since sclutions of it could be frozen and 


dried without destroying the molecular aggre- 
gates, it probably is the most stable form in 
which cholesterol exists in serum. 

Beta-lipoprotein contained about 25 per cent 
protein and 75 per cent lipid and was composed 
of about 2 molecules of cholesterol for each 
molecule of phospholipid. It could be frozen 
or dried without destroying the molecules. It 
was estimated that as much as three-quarters 
of the total serum cholesterol might be present 
in this fraction. Neither of these fractions 
contained neutral fat; therefore it is apparent 
that they do not give a complete picture of 
the serum lipids. 

Additional information has been obtained by 
Gofman and his associates (4). Lipid-contain- 
ing molecules have a lower specific gravity 
than fat-free protein molecules. The specific 
gravity of serum albumin or gamma-globulin 
is greater than 1.30. The specific gravity of 
alpha-lipoprotein is about 1.18 and that of beta- 
lipoprotein about 1.03. By adjusting the spe- 
cific gravity of serum to intermediate values 
by the addition of salts the lighter molecules 
can be made to rise to the surface when spun 
in the ultracentrifuge, while the heavier pro- 
tein molecules sink to the bottom. Gofman 
isolated the fraction containing the beta-lipo- 
protein together with any lighter molecules by 
centrifuging at a specific gravity of 1.065. By 
subsequently running this lighter material in 
the analytic centrifuge the different components 
can be separated, identified by the rate at which 
they move in the centrifugal field, and the 
quantity present estimated. 

Under the specific conditions chosen by Gof- 
man the beta-lipoprotein fraction moves with 
a velocity designated as Sz, 3-8. In addition 
to this fraction there are others which move 
more rapidly. Gofman has focused his atten- 
tion on the material that moves with the vel- 
ocity Ss, 10-20, because the amount of this 
fraction present seems to be characteristic of 
a given individual and is affected but little by 
food intake. The lighter, more rapidly moving 
fractions with S- values up to 75 are increased 
following a meal containing fat. 

Chemical analysis of these fractions shows 
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that they contain cholesterol, cholesterol esters, 
phospholipids, and neutral fat with very little 
protein. The cholesterol content of the Sy, 
10-20 fraction is about 30 per cent. In normal 
individuals between I and 5 per cent of the 
total serum cholesterol may be in this fraction. 
In certain individuals, particularly those with 
coronary arteriosclerosis, this percentage may 
be increased to values as high as from 15 to 
20 per cent of the total cholesterol. 

It seems to many of us that these substances 
probably are part of the normal mechanism for 
moving fats from one part of the body to an- 
other. A person with a high level of S-, 10-20 
may not be transporting more lipid in this frac- 
tion in the course of a day than one with a low 
level. His cells may be less able to utilize the 
fat being transported to them; therefore these 
fractions tend to pile up in the serum. 

Barr at Cornell (1) has been studying the 
variation in the content of alpha-lipoprotein 
in normal individuals and in patients with dif- 
ferent diseases.. He finds that in normal in- 
dividuals this fraction contains about 30 per 
cent of the total serum cholesterol. Practically 
none of the normal people have values lower 
than 20 per cent. Practically none of his ar- 
teriosclerotic patients have values above 20 per 
cent and some of them are as low as 5 per cent. 
This difference is indicative of a very profound 
alteration in metabolism involving proteins as 
well as sterols and lipids. 


Only time will show whether the work dis- 
cussed here is really part of the biochemistry 
of arteriosclerosis or not. But I will say that 
I have never known a year when so much stim- 
ulating work in this field has appeared, when so 
many interesting problems have opened up, or 
when hope for a final solution of the problem 
of arteriosclerosis seemed so bright. 
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ALBERT I. LANSING: Aging of the Arterial Wall (Department of Anatomy, 
Washington University School of Medicine, St. Louis, Missouri) 


This report summarized data and conclusions 
reported in a series of papers published in the 
Journal of Gerontology and the American 
Journal of Pathology: 
Aging and Calcification of the Human Coronary 
Artery. A. I. Lansing, H. T. Blumenthal, and 
S. H. Gray, Journal of Gerontology, 3: 87-97, 
1948. 

Calcium and Elastin in Human Arteriosclerosis. 
A. I. Lansing, M. Alex, and T. B. Rosenthal, 
Journal of Gerontology, 5: 112-119, 1950. 


Significance of Medial Age Changes in the Human 
Pulmonary Artery. A. I. Lansing, M. Alex, 
and T. B. Rosenthal, Journal of Gerontology, 
5: 211-215, 1950. 

Atheromatosis as a Sequel to Senescent Changes in 
the Arterial Wall. A. I. Lansing, M. Alex, 
and T. B. Rosenthal, Journal of Gerontology, 
5: 314-318, 1950. 

Calcification of the Media of the Human Aorta 
and Its Relation to Intimal Arteriosclerosis, 
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Ageing and Disease. H. T. Blumenthal, A. I. 
Lansing, and P. A. Wheeler, American Journal 
of Pathology, 20: 665-687, 1944. 

The Interrelation of Elastic Tissue and Calcium 
in the Genesis of Arteriosclerosis. H. T. Blum- 
enthal, A. I. Lansing, and S. H. Gray, Ameri- 
can Journal of Pathology, 26: 989-1000, 1950. 

Two essential points were made: 1) in the 


human, intimal lesions are for practical pur- 
poses invariably associated with medial 
changes; the usual pattern of medial damage 
involves calcification of elastic tissue; and 2) 
the calcification of medial elastic tissue pre- 
cedes the formation of intimal plaques. 


CHARLES A. WOERNER: Microscopic Anatomy of the Arterial Wall 
(Department of Anatomy, University of Louisville School of Medicine, Louisville, Kentucky) 


: nn intima of arteries in young individuals 

is described as a single layer of endothelial 
cells lying on a few scattered connective tissue 
cells and the internal elastic lamina. With age 
the intima tends to thicken, the endothelium 
may consist of a number of layers of cells, and 
the amount of connective tissue in the sub- 
endothelial connective tissue increases. Whether 
lipid is deposited directly into the endothelial 
cells by pre-existing phagocytes or lipophages 
is not definitely settled. 

Leary (5) and Gordon (1) have presented 
arguments in favor of the principle that lipid 
is carried to the lesion in the arterial wall by 
phagocytic cells that were formerly fixed 
macrophages as Kupffer cells. On the other 
hand Kuntz and Sulkin (3) have presented 
experimental evidence to support the view that 
lipid is deposited directly into the endothelial 
cells at the site of the arterial lesion. The 
endothelial cells then become phagocytic. 

Knisely and his associates (2) in their 
studies of living liver preparations described 
the transformation of endothelial cells of the 
liver into “Kupffer cells.” They stated that 
any endothelial cell of the liver sinusoids will 
phagocytize particles and not only specialized 
Kupffer cells. Kuntz and Sulkin would ex- 
tend this principle and consider that any 
endothelial cell of the arterial wall may phag- 
ocytize lipids in the development of athero- 
matous lesions. 

The intima of young arteries contains no 
capillaries. As the young intima is very thin, 
only one to three cells in thickness, no special 


blood supply is required. In older arteries 
where the intima becomes markedly thickened 
capillaries grow into it. Winternitz (9) and 
Wartman (7) have described vasa vasorum in 
the thickened intima of senile arteries. The 
relation of the vasa vasorum to the etiology 
of arteriosclerosis needs further clarification. 

While arterial lesions have been described 
as following atheromatous plaques forming in 
the endothelium and interfering with the nu- 
trition of the underlying media and thereby 
causing medial degeneration, changes in arteries 
leading to the development of arteriosclerosis, 
and entirely independent of changes in the in- 
tima, have been described by Lansing (4), who 
does not accept the view that atheromatous 
plaques in the intima are usually primary and 
the medial changes secondary. The internal 
elastic lamina separating the intima and media 
does not seem to protect significantly the media. 
It tends to split into more than one layer in 
older arteries. 

The vasa vasorum of the media of arteries 
have been described by Winternitz (9g), Wart- 
man (7), and Schlichter (6). I undertook a 
study of the vasa vasorum of the aorta and 
coronary arteries in the dog in which investi- 
gation the vasa vasorum were demonstrated by 
the method described by Williams (8). The 
animal was anaesthetized and the blood washed 
out with. physiologic salt solution. Then a so- 
lution of potassium dichromate was injected 
to fill the smaller arterioles and capillaries. 
The dichromate was then precipitated by the 
injection of lead acetate resulting in a finely 
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divided precipitate of lead chromate. The ar- 
teries studied were imbedded in celloidin and 
sections 400 y» thick were cut. 


In the aorta of the dog very few vasa vas- 
orum were found arising from the intimal sur- 
face. The ascending aorta was supplied by 
branches of the coronary arteries, the descend- 
ing aorta by branches from the intercostal 
arteries. A few, usually not more than 10 or 
12, vasa were found arising from the intimal 
surface of the aorta at the arch. These small 
arterioles, 20 to 30 » in diameter, passed out 
through the inner two thirds of the aortic 
media without branching. They almost always 
soon joined the vasa coming from the adven- 
titia. 

In some of these preparations extravasations 
of the injection mass were found in the outer 
media. These masses may indicate areas of 
potential hemorrhage as occur in medial necro- 
sis and in some types of aortic aneurysm. The 
depth to which the vasa vasorum extended 
from the adventitia varied. In most areas the 
capillaries were found only in the outer third 
of the media; in other areas the capillaries ex- 
tended throughout much of the middle third. 
The inner third of the media practically never 
had any capillaries in it. In a limited number 
of human aortas (5 specimens) the distribution 
of the vasa vasorum was very similar to that 
found in the dog. 


The vasa vasorum form an extensive net- 
work in the adventitia of the aorta, which is 
prominent in the junction of the adventitia and 
media. Another network is seen at the junc- 
tion of the outer and middle thirds of the 
media. The inner two thirds of the media is 
practically avascular in the “normal” aorta. In 
medium sized muscular arteries, as the iliac 
and femoral, there seems to be more vasa aris- 
ing from the intimal surface, as described by 
Winternitz (9), but in these arteries, as in the 
aorta, capillaries are rarely if ever found in 
the inner third of the media. 


SUMMARY 


While lipid deposition by lipophages migrat- 
ing to the arterial lesions of arteriosclerosis has 
been described there is considerable evidence 
that the lipid deposits directly into the arterial 
endothelium. In spite of considerable evidence 
that the intimal lesion is primary, initial 
changes in the media followed by changes in 
the intima have been described. 

The vasa vasorum with few exceptions arise 
from branches of the larger arteries and enter 
the arterial wall from the adventitia. They us- 
ually form two networks, one at the junction 
of the adventitia and media and another be- 
tween the outer and middle third of the media. 
Occasionally capillaries extend into the middle 
third of the media but only very rarely into the 
inner third. In normal arteries vasa vasorum 
arising from the intimal surface are rare. The 
normal intima does not contain capillaries, but 
capillaries develop in pathologically thickened 
intima. 
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JOHN ESBEN KIRK: Metabolism of Arteria Tissue (Division of Gerontology, Washington 


University School of Medicine, St. Louis, Missouri) 


yg comparison with the extensive literature 

dealing with experimental arteriosclerosis 
the number of investigations pertaining to the 
normal and abnormal metabolism of arterial! 
tissue is rather small. In spite of this scarcity 
of data I have thought that it might be of in- 
terest to give a summary of the existing pub- 
lications. Such a review will at least serve 
to emphasize the need for further research in 
this field. 

As shown by Woerner (14), the internal 
half or two-thirds of the aortic media may be 
regarded as a nearly avascularized tissue. This 
fact can be brought out not only by injection 
experiments, but also through analyses of the 
blood content of homogenates, prepared from 
the media. If such homogenates are analyzed 
for hemoglobin by the gasometric method of 
Van Slyke and Neill (13), a zero reading for 
hemoglobin will be found. For further study 
of the blood content of the human aortic media 
From Hansen and I have recently developed 
a sensitive benzidine method, capable of detect- 
ing blood in dilutions up to 1 :50000. By means 
of this technique we have found the blood con- 
tent of the human aortic media to range be- 
tween 0.01 to 0.1 per cent. As a consequence 
of this nearly complete absence of blood from 
the aortic wall, homogenates of the tissue will 
appear milk- or cream-colored. 


The question of how the luminal one-half 
or two-thirds of the aortic media receives its 
oxygen supply and supply of nutrients—from 
the vasa vasorum, the lumen of the vessel, or 
from both of these sources—is a very im- 
portant one, but a question which as yet must 
be considered as unsolved. An excellent re- 
view of this subject, based both on anatomic 
considerations and on deductions from patho- 
logic findings was published in 1936 by Ramsey 
(10). 

My summary will be limited to a review of 
the respiratory metabolism of arterial tissue in 
vitro, to a discussion of enzymes demonstrated 
in the arterial wall, and to a report on publica- 
tions dealing with non-steroid lipid synthesis 
by the surviving arterial tissue. 

The first of these subjects, the respiratory 
metabolism of arterial tissue, has been studied 
by Lazovskaya (9) in Leningrad in 1943, and 
by Briggs (2) and his associates at the Uni- 
versity of California in 1949. In both of these 
investigations aortic tissue from rats was used. 
As will be seen from table 1 the findings in 
the American and Russian investigations show 
only partial agreement. 

In Lazovskaya’s studies from 1943 homog- 
enates of the rat aorta were prepared in phos- 
phate buffer solution and the respiration meas- 
ured by the direct Warburg technique at ten 


RESPIRATION OF Rat AorTIC TISSUE 


Young Rats Old Rats 

Lazovskaya, 1943 Qoe 
Spontaneous respiration, homogenate ye 0.2 
Addition of succinate, homogenate 4.6 0.6 
Addition of succinate and cytochrome c, homogenate 4.0 0.8 

Briggs et al., 1949 
Spontaneous respiration, homogenate 0.0 0.0 
Spontaneous respiration, tissue slices 1.1 1.1 
Addition of succinate, tissue slices 2.6 2.3 
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minute intervals for one hour, during which 
period the oxygen uptake was found to remain 
constant. By this technique a Qo, value of 2.7 
was observed for aortic tissue from young rats 
about 3 weeks’ age. In a group of I year old 
rats the oxygen consumption of the arterial 
tissue was found to be much lower, about 
1/14th of that of the young rats, with a Qo, 
value of only 0.2. 

Following addition of succinate to the ho- 
mogenates a notable rise in the respiration was 
observed, namely an increase from 2.7 to 4.0 
in the sample from the young animals, and 
from 0.2 to 0.6 in the preparations from the 
old rats. Approximately the same Qo, values 
were noted when, besides succinate, cytochrome 
c was added to the flask content. These latter 
values give a measure of the capacity of the 
succinic dehydrogenase system of the tissue. 
Since after the addition of succinate and cyto- 
chrome c the Qo, values of the aortic tissue 
from the old rats still were much lower than 
the oxygen uptake in the homogenates from the 
young rats, it was concluded by Lazovskaya 
that a marked decrease in the succinic dehydro- 
genase capacity takes place with aging of the 
arterial tissue. 

In the studies by Briggs and associates in 
1949 on the respiration of rat aortic tissue both 
the homogenate and the tissue slice techniques 
were used. As it will be seen from the table, 
Briggs, in contrast to Lazovskaya, failed to ob- 
serve a definite oxygen consumption by tissue 
homogenates, whereas with the use of tissue 
slices Qo, values of about 1 were noted. This 
figure is about one-tenth of that found for rat 
liver slices. It is possible that the difference 
between the oxygen uptake of homogenates in 
Lazovskaya’s and in Briggs’ experiments is due 
to differences in the homogenization technique 
used. 

A further discrepancy between the American 
and the Russian observations on rat aortic tis- 
sue is the finding of practically the same Qo, 
values for young and old arterial tissue in 
Briggs’ experiments as contrasted to the mark- 
ed difference between young and old animals 

noted by Lazovskaya. Both the American and 


the Russian investigators are, however, in 
agreement on one point, namely with regard 
to the effect of succinate addition. As seen 
from the table such addition also in Briggs’ 
experiments was followed by a marked increase 
in the Qo, value. A definite but smaller in- 
crease in the oxygen consumption was further 
noted by Briggs after addition of lactate, pyru- 
vate, alpha-ketoglutarate, citrate, and acetate, 
whereas glucose, glycine, and alanine were 
without noticeable effect on the Qo, values. 

This response to succinate, in combination 
with the observation by Briggs that addition of 
malonate produced an inhibition of the oxygen 
uptake, indicate, as did also Lazovskaya’s re- 
sults, that succinic dehydrogenase participates 
in the metabolic process. Since also fluoride 
was found to exert an inhibition of the respira- 
tion, it may be concluded that phosphorylated 
intermediates are involved in the metabolism. 
These results, in addition to the oxidative re- 
sponse to pyruvate and to some members of the 
tricarboxylic acid cycle, provide evidence that 
carbohydrate is utilized in the arterial tissue. 

In reviewing the interesting findings by 
Lazovskaya and by Briggs it should, however, 
be noted that so far no observations have been 
reported on human arterial tissue and that in 
the experiments on animal tissue studies on the 
anaerobic metabolism of the arterial tissue, on 
the rate of glycolysis, are lacking. 

The studies by Briggs and his associates on 
the oxygen uptake of rat aortic tissue were 
extended to include measurements on aortic 
tissue from rats which had been fed thyroid 
for ten days before the animals were sacrificed 
and determinations on tissue from another 
group of animals which had been treated with 
propylthiouracil for a thirty day period. It is 
of considerable interest that the aortas from 
the thyroid treated rats showed a 25 per cent 
increase in oxygen consumption as compared 
with the untreated animals, whereas the propyl- 
thiouracil treated group showed Qo, values 20 
per cent lower than normal. 

Concerning the enzyme systems of the ar- 
terial wall the investigations are also rather 
few. In 1949 Balo, Banga, and Josepovits 
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(1) in Czechoslovakia demonstrated the pres- 
ence of a specific ATP-pyrophosphatase with a 
pH optimum at 9.4 in the human aortic wall, 
and in the same year Kirk and Pretorius (6, 7, 
8) reported the presence in the human aortic 
media of a monophosphatase, capable of split- 
ting disodium phenylphosphate and disodium 
p-nitrophenylphosphate. The pH optimum for 
this phosphatase was found to be 5.7 and it was 
further observed that the phosphatase could be 
inhibited by fluoride addition. 

Phosphatases with a pH optimum in the 
range of 5.5 to 6.0 have also been reported 
present in other tissues. The main interest 
in the finding of the phosphatase lies in the 
importance which this observation may have 
in the general discussion on the mechanism of 
arterial calcification. Since previous investiga- 
tors had failed to find a phosphatase in the 
arterial wall—and these negative results can be 
explained by the fact that earlier studies had 
been performed only at an alkaline pH—it has 
generally been contended that calcification of 
the arteries could not be brought about by a 
mechanism analogous to that which is believed 
to be operating in calcification of bone tissue. 
Whether the aortic phosphatase has any sig- 
nificance for the calcification of the artery is 
so far unknown, but the presence of the enzyme 
in the aortic wall will have to be considered in 
future discussions on arterial calcification. 

In the Division of Gerontology at Washing- 
ton University From Hansen and I (5) have 
recently been successful in demonstrating an- 
other enzyme, carbonic anhydrase, in the 
human aortic media. We were led to investi- 
gate for the presence of this enzyme through 
reports in the literature on the occurrence of 
carbonic anhydrase in two other avascularized 
tissues, namely the cornea and the lens. 

Experiments were conducted employing two 
techniques: 1) the procedures of Brinkman, 
Margaria, and Roughton (3) for determina- 
tion of the dehydration of carbonic acid, and 
(2) the colorimetric procedure of Trethewie 
and Day (12) for measuring the rate of hydra- 
tion of carbon dioxide. By both these methods 
the carbonic anhydrase activity in the aortic 


media observed was considerably higher than 
that which could be accounted for by the traces 
of blood present in the tissue. In all the ex- 
periments both the concentration of blood in 
the aortic media samples and the carbonic an- 
hydrase activity of the blood from the same 
individual were determined and the enzyme 
values for the media corrected for the traces of 
blood present. It could be calculated that the 
carbonic anydrase activity of the arterial tissue 
was about 1/200 to 1/600 of that of a similar 
weight of red blood cells. As would have been 
expected the carbonic anhydrase in the aortic 
media was found to be inhibited by addition of 
sulphonamide. 

It is perhaps too early to discuss the eventual 
significance of carbonic anhydrase in the human 
aortic wall. It might, however, be mentioned 
that just as it is conceivably difficult for the 
avascularized tissue to obtain the necessary 
supply of oxygen and nutrients because of the 
long diffusion way, it is probably equally diffi- 
cult for these tissues to get rid of the metabolic 
end product, carbon dioxide. The function of 
carbonic anhydrase in the arterial wall may be 
the facilitation of the removal of carbonic acid 
through its conversion to the more easily 
diffusible carbon dioxide gas. When data have 
been provided concerning the rate of aerobic 
and anaerobic metabolism in the human aorta 
it may prove possible to define the function of 
the enzyme more clearly. 

The only publication on the ability of arterial 
tissue to synthesize lipids is one by Chernick 
and his associates (4) from the University of 
California in 1949. In these important in- 
vestigations both the synthesis of fatty acids 
and the synthesis of phospholipids were 
studied. 

For the study of the fatty acid synthesis C 
14 labelled acetate was added to slices of rat 
aorta placed in bicarbonate-Ringer solution. 
After three hours the fatty acids were extract- 
ed and their content of C 14 determined. It 
was found that in the three hour period 0.4 
to 0.7 per cent of the labelled acetate had been 
converted to fatty acids, so that a synthesis of 
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fatty acids from this 2-carbon compound had 
been proved. 

Similar experiments using inorganic phos- 
phate labelled with P 32 showed an incorpor- 
ation of about 0.8 per cent of the added phos- 
phate into phospholipids per gram of arterial 
tissue in the course of two hours. This figure 
is quite appreciable when it is considered that 
the phospholipid synthesis by rat liver slices 
under the same conditions amounts to about 5 
per cent per gram of tissue, or a synthesis 
which is only about 6 times higher. 

Although the experimental data on the me- 
tabolism of arterial tissue reported here are 
somewhat few and scattered, the observations 
by Briggs on the effect of thyroid and pro- 
pylthiouracil on the oxygen uptake of rat 
aortic tissue and the findings by Chernick of 
an ability of the rat aorta to synthesize both 
fatty acids and phospholipids suggest that a 
further knowledge of the normal and abnormal 
arterial tissue metabolism might contribute to 
the understanding of the factors responsible 
for the development of arteriosclerosis. The 
recent finding by Rinehart and Greenberg (11) 
of production of arteriosclerosis in pyridoxine 
deficient monkeys would also seem to empha- 
size this point of view. 

It is my belief that metabolism studies per- 
formed on fresh human arterial tissue obtained 
at autopsy likewise might contribute findings 
of value. Such studies, including investiga- 


tions on the respiration and the rate of glycoly-— 


sis of the human aortic media and measure- 
ments of the diffusion coefficients of gases, 
nutrients, and electrolytes for this tissue are 
at present in progress at the Division of Ger- 
ontology, Washington University, St. Louis. 
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CURRENT COMMENT 


Division of Maturity and Old Age 


The Division on Maturity and Old Age of 
the American Psychological Association invites 
the affiliation of members of the Gerontological 
Society. The Division on Maturity and Old 
Age was organized: (1) to further the study 
of psychologic development and change through 
the adult years and old age, (2) to discover 
and foster the use of means for dealing with 
such changes, (3) to collaborate with other 
groups or organizations in these problems, and 
(4) to disseminate knowledge of these matters. 
Membership is open to nonpsychologists who 
are interested in the work of the Division. 
There are now over 200 members, including 
individuals from such fields as medicine, social 
service administration, and industrial personnel 
administration. 

The division sponsors an annual program of 
symposia and scientific papers on the psycho- 
logic aspects of aging. Abstracts of these 
papers are published in the American Psychol- 
ogist, which is sent to all members together 
with the Newsletter of the Division and the 
Directory of the members of the American 
Psychological Association. Dues for affiliate 
members is $4.00 per year, which includes these 
publications. 

Information and application blanks may be 
secured from the Chairman of the Membership 
Committee, Dr. James E. Birren, Committee 


on Mathematical Biology, University of Chi- 
cago, Chicago 37, Illinois. 


Committee on Aging and Geriatrics 


A Committee on Aging and Geriatrics has 
been established in the Federal Security Agency 
under the Chairmanship of Mr. Clark Tibbitts. 
Mr. Tibbitts, Assistant Chief of the Division 
of Public Health Methods, Public Health 
Service, served as Director of the National 
Conference on Aging called by the Federal 
Security Administration in Washington last 
summer. The Committee is the result of the 
President's letter of last June requesting the 
Federal Security Agency to explore with all 
appropriate groups within and outside the Fed- 
eral Government the problems arising from the 
increasing proportion of older persons in our 
population. 

The Committee on Aging and Geriatrics, 
working with private organizations and Gov- 
ernment agencies, will have three major pur- 
poses: (1) to develop methods for the integra- 
tion of older persons into our total mobiliza- 
tion efforts, (2) to continue the collection of 
information about the characteristics and po- 
tentialities of older people about the problems 
experienced by them and their families and 
about programs that are being developed to 
meet these problems, and (3) to satisfy the 


from the Josiah Macy, Jr. Foundation. 


The establishment of the JouRNAL oF GERONTOLOGY was made possible by a grant 


The hieroglyphics, “The Beginning of the Book for Transforming an Old Man 
into a Youth,” at the top of this editorial page, are from the Edwin Smith Surgical 
Papyrus, translated by Professor John Breasted, University of Chicago Press. 
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increasing demands since the National Confer- 
ence on Aging for information and guidance 
to public and private organizations interested 
in fitting older people into active participation 
in normal family, social, and community activ- 
ities. 


Study of Retirement 


The Lilly Endowment, Inc. of Indianapolis 
has recently awarded the Cornell Social Science 
Research Center a grant to conduct a seven 
year longitudinal study of the impact of occu- 
pational retirement in the United States on 
physical and mental morbidity and mortality. 
The study will be based on a sample of the 
labor force 64 years of age. The subject will 
be observed until their seventieth birthday, and 
comparisons will be made of those who retire 
with those who do not and those whose retire- 
ment is arbitrary and unplanned with those 
whose retirement is voluntary and planned. 
A principal aim of the study is to check sys- 
tematically on the validity of the hypothesis 
that there are significant differentials in illness 
and mortality incidence between those who re- 
tire and those who continue in gainful employ- 
ment. 


Study of Performance Level with Aging 


W. A. Owens, Head of the Department of 
Psychology of Iowa State College of Agricul- 
ture and Mechanic Arts, has reported on an 
interesting study made under his direction. The 
purpose of the study was to investigate the 
effects of a 30 year age increment upon per- 
formance level in 8 mental functions. One of 
the results of the study was the observation 
that there were no significant decreases in mean 
test score accompanying the 30 year age incre- 
ment since the original testing. Highly signifi- 
cant increases in performance on 4 of the tests 
as well as in the mean total score imply that 
the component members of a population orig- 
inally possessing college level ability would in 
general be more intellectually able at 50 years 
of age than at 20, athough such a generaliza- 


tion would not hold true for groups of average 
or inferior mental ability. 


News and Notes 


The University of Chicago has received a 
grant from the Rockefeller Foundation for a 
study of the psychologic meaning of work and 
retirement. Eugene A. Friedmann is working 
on the project, which is supervised by Dr. E. 
W. Burgess, Dr. R. J. Havighurst, and Dr. 
E. Shanas. 


A project in preventive hygiene for later 
maturity will be supported by the U. S. Public 
Health Service in Chicago under the direction 
of Dr. J. Weinberg and Dr. R. J. Havighurst. 
Two courses will be given on an experimental 
basis for people 55 to 65 years old. One course 
will meet once a week for thirty weeks and 
the other will be a full time one month pro- 
gram in the summer. Content of the course 
will consist of medical and psychologic exam- 
inations; lectures and consultations on health, 
nutrition, financial management, housing, 
family problems, spiritual development and 
philosophy of life; and recreational activities 


A conference dealing with Problems of an 
Aging Population will be held on the North- 
western University campus June 7 and 8. 
Topics will include discussions of. the prob- 
lems of aging in the United States, social im- 
plications of an aging population, our aging 
labor force, and anticipating age with assur- 
ance. 


Dr. Sidney L. Pressey has received a special 
grant of funds from the Ohio State University 
providing two fellowships for study of the 
relationship of employment and age. 


A course of lectures and discussions arranged 
under the sponsorship of a number of the 
public and private agencies in Montgomery 
County, Maryland, was held February 2 and 
3 at the National Institutes of Health, 
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Bethesda. The topics covered included the 
following: Public Health and Aging by Dr. 
J. M. Mountin, Assistant Surgeon General, 
U. S. Public Health Service; The Medical As- 
pects of Aging by Edward J. Stieglitz, Wash- 
ington, D. C; A Family’s Adjustment to Its 
Aging Members by Mrs. Lindon S. Dodson, 
Supervisor of Old Age Assistance, Montgom- 
ery County Board of Public Welfare; Eco- 
nomic Values in Industrial Aspects by Dr. 
Ewan Clague of the U. S. Department of 
Labor; and a discussion on What Should Be 
Done by Dr. Clark Tibbitts of the U. S. Pub- 
lic Health Service. 


A national Conference on Chronic Disease: 
Preventive Aspects, was held in Chicago, 
March 12-14, 1950. The National Health 
Council and the U. S. Public Health Service 
were co-sponsors. 


Dr. Mark Anton Bruck conducted a series 
of four meetings, November 9, 16, 30, and 
December 7, on the Psychological Aspects of 
Advancing Age at the North Hollywood Adult 
Education Center, Hollywood, California. 


Teachers’ College, Columbia University, an- 
nounces a grant of $24,000 for a two-year 
period by the Carnegie Corporation for a study 
of the psychology of aging and retirement. The 
funds will be administered by the Institute of 
Psychological Research under the direction of 
Dr. Irving Lorge. 


A series of four lectures on aging and re- 
tirement were held February 21 to March 21 
by the Graduate School, U. S. Department of 
Agriculture, Washington, D. C. Dr. Edward 
J. Stieglitz, Mr. Ewan Clague, and Miss Ollie 
A. Randall were among the speakers. 


The Cleveland Conference on Making the 
Later Years Productive was held January 12, 
1951. The keynote address, given by Dr. 
Edward J. Stieglitz, was followed by a panel 
discussion. Dr. Anton J. Carlson presented 
the luncheon address, and in the afternoon 
there were five round table section meetings, 
Education and the Longer Life, The Older 
Worker in the Cold War, Living Arrange- 
ments, The Older Person in the Changing 
Family, and Mental Hygiene. 


The Proceedings of the First Internation- 
al Gerontological Congress, under the pres- 
idency of Professor L. Brull, have been 
published in the Revue Médicale de Liége 
(vol. 5, no. 20, pages 593-734). The Pro- 
ceedings include many of the papers pre- 
sented at Liége, cach paper published 
in French or English, and the actions taken 
at the Conference which have led to the de- 
velopment of the Second International Ger- 
ontological Congress to be held in St. Louis 
this September. A complete list of names 


and addresses of gerontologists in several 
countries is also included. Those who wish 
copies may obtain them at $2.50 each from 
the Journal of Gerontology. 
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Scott AND 
St. Louts 10, Missourr 


Please send ........ copies of the Proceed- 


ings of the First International Gerontolog- 
ical Congress at $2.50 each. 
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ORGANIZATION SECTION 


Rosert A. Moore, President 
507 S. Euclid 
St. Louis 10, Mo. 


NatHan W. SuHock, Secretary Joun Espen Kirk, Treasurer 
Baltimore City Hospitals 5600 Arsenal Street 
Baltimore 24, Maryland St. Louis 9, Missouri 


Ernest W. Burcess, President-Elect 
University of Chicago 
Chicago 37, Illinois 


Financial Statements 


GERONTOLOGICAL SOCIETY, INC. 
Membership Account 
For the year ended December 31, 1950 


Receipts : 
Partial Reimbursement for Third Scientific Meeting ............. 360.00 


Disbursements : 


Transierred to Journal Account 4,002.48 
Third Scientthe Meeting (St. Louis) 506.89 
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$ 5,388.63 
4,818.08 
570.55 
$ 844.90 
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ORGANIZATION SECTION 175 
GERONTOLOGICAL SOCIETY, INC. 
Journal Account 
For the year ended December 31, 1950 
surer 
Add: Balance from Editorial Account .................cccccccecces 1,318.34(a) 
Receipts : 
Disbursements : 
Recapitulation : 
$12,313.46 
: (a) The Editorial Account, used in previous years, was closed and the balance transferred to the Journal 
370.55 Account as of January I, 1950. 
344.90 Plus: City Income Tax withheld but not remitted until this 
$ 3,904.06 
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(5) 
1950 ANNUAL REPORT OF THE MEMBERS OF THE GERONTOLOGICAL SOCIETY, INC., 
PURSUANT TO SECTION 46 OF THE MEMBERSHIP CORPORATIONS LAW OF NEW YORK 
TO THE MEMBERS OF THE GERONTOLOGICAL SOCIETY, INC.: 
The members of the corporation submit the following report for the year ended December 31, 1950. 
Personal property: 
Cash deposit in the First National Bank: 
Cash deposit in Boatmen’s National Bank: 
Estimated value, back issues of the Journal of Gerontology, 1947, 
£049, and (SE, LOWS) 6,400.00 Det 
a 
Cit; 
(2) Receipts: The amount and nature acquired during the year ended De- 
cember 31, 1950: C. 
Subscriptions to Journal of Gerontology ..............00ceeeeeeeee 10,373-15 Soc 
Advertising, reprints, excess engraving and tabular matter in Journal soni 
ced; 
that 
(3) Disbursements: The amount applied, appropriated or expended during kno 
the year ended December 31, 1950: 
(4) Summary: | 
Cash balance on hand January I, 1950 ................--00---008- 11,975.15 
Receipts during year ended Dec. 31, 1950 .........0seeeeeeeeeeeees 13,925.13 
Disbursements Gurine SUCH Year 12,741.92 


INC., 
ORK 


0.00 


158.36 


25.12 


}1.92 


ORGANIZATION SECTION 


(5) The names and places of residence of the persons who have been admitted 


to membership in the corporation during the year ended December 31, 


1950: 


Dr. Warren Andrew 
Department of Anatomy 
George Washington University 
School of Medicine 

1335 H St., N.W. 
Washington 5, D. C. 


Dr. Edward L. Bortz 
2021 West Girard Avenue 
Philadelphia, Pennsylvania 


Dr. George E. Wakerlin 
Department of Physiology 
University of Illinois 
College of Medicine 

1853 West Polk St. 
Chicago 12, Illinois 


Dr. Oscar Kaplan 
Department of Psychology 
San Diego State College 
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San Diego, California 


Dated January 31, 1950 


State of Missouri 
City of St. Louis = 


C. J. Van Slyke and John Esben Kirk, being severally duly sworn, each for himself says: That the said 
C. J. Van Slyke was President, and that the said John Esben Kirk was Treasurer of the Gerontological 
Society, Inc. for the year 1950; that the foregoing is a report thereof showing the whole amount of per- 
sonal property owned by said corporation, where located, and where and how invested; the amount and 
nature of the property acquired during the year ended December 31, 1950, being the year immediately pre- 
ceding such date, and the purpose, objects, or for which such applications, appropriations, or expenditures 
have been made; the names of the persons admitted to membership in the corporation during the year; and 
that the corporation owns no real property; which report is in all respects true to the best of deponents’ 
knowledge and belief. 

C. J. Van Stryke, President 

Joun Espen Kirk, Treasurer 


For the benefit of foreign participants 
in the Second International Gerontologi- 
cal Congress who may wish to visit uni- 
versities during their stay in America, 
attention is called to the book, Trends in 
Gerontology, by Nathan W. Shock (Stan- 
ford University Press, 1951, $2.50) in 
which a survey is given of American re- 
search in institutions conducting investi- 
gations in the field of gerontology. 

A list of university sponsored research 


work in gerontology in the United States 
and Canada is also available. The list, 
which is based on a questionnaire sent out 
in July, 1950, to the departments of anat- 
omy, biology and biochemistry, physiol- 
ogy, pathology, medicine, and zoology of 
333 American and 53 Canadian universi- 
ties from which a total of 175 replies 
were received, may be obtained by writing 
to the Journal of Gerontology, Scott and 
Euclid, St. Louis 10, Missouri. 
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Gerontological Society, Inc. Committee Members for 1951 


Membership Committee: 


Nathan W. Shock, Chairman 
Gerontology Section, U.S.P.H.S. 
Baltimore City Hospitals 
Baltimore 24, Maryland 
Albert I. Lansing 
Department of Anatomy 
Washington University "Saud of Medicine 
St. Louis 10, Missouri 
Oscar J. Kaplan 
Department of Psychology 
San Diego State College 
San Diego, California 
William B. Kountz 
Division of Gerontology 
Washington University School of Medicine 
St. Louis 10, Missouri 
Ollie A. Randall 
Community Service Society 
105 East 22 Street 
New York 10, New York 


Program Committee: 


John Esben Kirk, Chairman 
Division of Gerontology 
Washington University School of Medicine 
St. Louis 10, Missouri 

Robert J. Havighurst 
Committee on Human Development 
University of Chicago 
Chicago 37, Illinois 

Oscar J. Kaplan 
Department of Psychology 
San Diego State College 
San Diego, California 

O. J. Pollak 
Quincy City Hospitals 
Quincy 69, Massachusetts 

Margaret Chieffi 
Division of Gerontology 
Washington University School of Medicine 
St. Louis 10,. Missouri 

E. T. Engle 
630 West 168 Street 
New York 32, New York 


Nominations Committee: 


C. J. Van Slyke, Chairman 
National Heart Institute 
National Institutes of Health 
Bethesda 14, Maryland 

Clive M. McCay 
Stocking Hall 
Cornell University 
Ithaca, New York 

Joseph Aub 
Massachusetts General Hospital 
Fruit Street 
Boston 14, Massachusetts 


Constitution and By-Laws Committee: 
Warren Andrew, Chairman 
Department of Anatomy 
George Washington University School of 
Medicine 
Washington 5, D. C. 


Constitution and By-Laws Committee: (Continued) 


Robert J. Havighurst 
Committee on Human Development 
University of Chicago 
Chicago 37, Illinois 
Hisaw 
Department of Biology 
Harvard University 
Cambridge, Massachusetts 
Jean Oliver 
Long Island College of Medicine 
335 Henry Street 
Brooklyn, New York 


Registry Committee: 


Wilhelm C. Hueper, Chairman 
Naticaal Cancer Institute 
National Institutes of Health 
Bethesda 14, Maryland 

Walter W. Jetter 
Department of Legal Medicine 
Harvard University School of Medicine 
Boston 15, Massachusetts 

Albert I. Lansing 
Department of Anatomy 
Washington University ‘School of Medicine 
St. Louis 10, Missouri 


Affiliation Committee: 


Henry A. Schroeder, Chairman 
Department of Internal Medicine 
Washington University School of Medicine 
St. Louis 10, Missouri 

E. Cowles Andrus 
24 East Eager Street 
Baltimore 1, Maryland 

Irvine H. Page 
Cleveland Clinic 
Euclid at East 93 Street 
Cleveland 6, Ohio 

Willard O. Thompson 
700 North Michigan 
Chicago 11, Illinois 


Public Foundation Committee: 


Chauncey D. Leake, Chairman ; 
University of Texas School of Medicine 
Galveston, Texas 

Oliver H. Lowry 
Department of Pharmacology 
Washington University School of Medicine 
St. Louis 10, Missouri 

Joseph Aub 
Massachusetts General Hospital 
Fruit Street 
Boston 14, Massachusetts 

Henry S. Simms 
Department of Pathology 
College of Physicians and Surgeons 
New York 32, New York 

William deB. Mac Nider 
University of North Carolina 
Chapel Hill, North Carolina 

William H. Stead 
Federal Reserve Bank of St. Louis 
St. Louis, Missouri 

Thomas C. Desmond 
Broadway 

ewburgh, New York 
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BOOK REVIEWS 


WORK LIFE EXPECTANCY 


TABLES OF WORKING LIFE. LENGTH 
OF WORKING LIFE FOR MEN, Bulletin 
No. 1001, U. S. Department of Labor, Bureau 
of Labor Statistics, August, 1950, 74 pages, 
paper bound, offset printed, for sale by the 
Superintendent of Documents, U. S. Govern- 
ment Printing Office, Washington, D. C., 4o¢. 


The current state of international affairs 
tends to obscure, for the moment, some of the 
domestic economic and social problems of the 
nation. And yet, in many instances, there is 
a direct relationship between the successful 
implementation of international commitments 
and the effective solution of domestic problems. 
In each category, the extent of our knowledge 
of basic facts that relate to the immediate prob- 
lems confronting us is a major factor in deter- 
mining the kind of policy decisions that are 
made. 

A number of domestic problems arise from 
the long-observed tendency for the average 
work life of workers to decline at the same 
time that their life expectancy has tended to 
lengthen. But unfortunately, not much in the 
way of factual material that would contribute 
to a full understanding of the scope of these 
problems has been developed. Because it helps 
fill this gap in our knowledge, this publication 
of the Bureau of Labor Statistics is significant. 

The Tables of Working Life, Length of 
Working Life of Men, is the first of a series 
of studies of the length and pattern of the 
working life of men and women in the United 
States. It contains detailed tables on the work 
life expectancy of men as well as brief descrip- 
tions of the patterns of working life, differ- 
entials by color and residence, and the applica- 
tion ‘of the tables to analyses of problems of 
old-age dependency, labor force problems, and 
occupational outlook. 

The method used by the Bureau in construct- 
ing the tables of working life for men is siniilar 
to that used in setting up a standard life table. 


In each, the experiences of a given number of 
persons assumed to be born at the same time 
are followed through successive years. The 
work life expectancy tables thus show what 
might be expected for men of a given age if 
the prevailing rates of mortality and of labor 
force participation should remain unchanged 
over their life span. 

Earlier in our history, the average life ex- 
pectancy and the average working life expec- 
tancy for men were almost identical. But with 
changing economic and social conditions, differ- 
ences between the two began to develop. To- 
day, workers on the average can look forward 
to living several years beyond the number of 
years of labor force participation. This, of 
course, has many implications with respect to 
the whole complex of problems involving our 
people in the upper age brackets. 

Although the principal tables developed in 
this study are based on conditions that pre- 
vailed in 1940, supplementary tables based on 
1947 experience also are included in the study. 
In view of the probability that international 
commitments will result in a tight labor mar- 
ket for some years to come, the abridged 1947 
tables may prove more valuable to analysts than 
the tables based on conditions that existed a 
decade ago. 

The report points out that the work life 
tables, like standard life tables, are not fore- 
casts of future trends. Later in the study, 
however, the 1940 and 1947 data are related 
to estimates shown for 1900 to project two 
possible trends into the next quarter century. 
One is based on the assumption that 1940 labor 
force participation rates for young workers 
continue and that the proportion of workers 
over 55 years of age continues to decline. The 
second assumes that 1947 rates of labor force 
participation will be maintained. Each assumes 
a continued favorable trend in mortality rates. 

Under the first alternative the increase in 
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life expectancy would be reflected in a longer 
period of retirement from the labor force—ten 
years by 1975 as compared with five years in 
1947 for a 20 year old man. At age 60, under 
these conditions, the average worker could ex- 
pect to live seventeen more years, but could an- 
ticipate working less than half of that time. 
These projected trends contrast rather sharp- 
ly with those that might result if the relatively 
tight labor market conditions in 1947 prevail. 
Employment opportunities for the young and 
old workers were more plentiful in 1947 than 


in 1940. If these conditions prevailed in 1975, 
the longer life expectancy at that time would 
be reflected principally in a longer work life 
expectancy. 

Whether the 1940 or the 1947 tables prove 
to be most valid for future projections, the 
fact remains that the availability of this ma- 
terial will be of great value in the analysis of 
labor market and other problems that confront 
us. 

W. H. Sreap 


ASPECTS OF ARTERIOSCLEROSIS 


SELECTED STUDIES ON ARTERIO- 
SCLEROSIS, Rudolf Altschul, Charles C 
Thomas, Publisher, Springfield, Illinois, 1950, 
182 pages, $5.50. 


As the title of the book clearly states, this 
is no more than a restricted and highly selected 
presentation ; it is a disappointment to the read- 
er because of the selection. At least in the area 
of gerontology there is probably no more acute 
problem than that of arteriosclerosis. Exper- 
imental explorations of this problem are at a 
high water mark. Blood chemistry, lipo-pro- 
tein studies, chemical studies of arterial lesions, 
and experimental production of atheroma are 
all being thoroughly analyzed today. As a con- 
sequence, we all are anxious to see synthesis 
of existing data along the lines of the classical 
volume by Cowdry. 

A book now dealing only with selected 
studies—selected studies from the author’s 
work—is disappointing. The style of writing 
is difficult. I find it hard work to rationalize 


the sequence used in the presentation of the 
various experiments. 

However, all is not bad in Altschul’s treatise. 
His discussion of the cytology of the endo- 
thelium is concise but informative and the illus- 
trations are very well done. The classification 
of terminology is commendable and might be 
more widely applied. Quite properly, vascular 
lesions as a consequence of cholesterol admin- 
istration to animals are referred to as experi- 
mental cholesterol arteriosclerosis, lipoidosis as 
foam cell aggregates, and cholesterolosis as the 
composite with or without calcification. 

Critical evaluation of the various experi- 
ments described by Altschul, which included 
experimental ligature of arteries and choles- 
terol administration, are left to the reader. In 
the main it would have been much more worth 
while had there been an attempt to synthesize 
the various approaches to the study of arteric- 
sclerosis. 

A, I. LANSING 


GERMAN GERONTOLOGIC TEXTBOOK 


ALTERN UND KRANKHEIT, Max Biirg- 
er, Georg Thieme, Leipzig, 1947, 143 pages, 
38 R.M. 

This monograph by Max Birger, chief of 
the Medical University Clinic in Leipzig, repre- 
sents a valuable contribution to the geronto- 
logic literature. This value is enhanced by 


the inclusion in the text of 170 illustrations 


and 163 tables, many of which have not pre- 
viously appeared in the textbooks on gerontol- 
ogy. The volume contains two main sections, 
the first dealing with the general physiology 
and pathology of aging and the second with 
the clinical features characteristic of diseases 
in the aged. 

The major importance of Birger’s book lies, 
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in the opinion of the reviewer, in the opportun- 
ity which this monograph provides for access 
to the rather extensive but not widely known 
German literature in this field. The book can 
by no means be characterized as a complete 
or balanced exposition of theoretic and clinical 
gerontology, but the various chapters are well 
written and homogeneous. The lack of bal- 
ance is evidenced particularly in the marked 
preponderance of consideration given to Ger- 
man investigations. This fact, however, in- 
stead of being a disadvantage, would seem to 
add to the value of the publication for those 
readers who already are familiar with the 
standard reference books in this field, such 
as Cowdry’s textbook, since it is exactly the 
German and Central European contributions 
which have not been too easily accessible. 

Out of the 813 literature references listed 
as foot-notes in Birger’s book, 716, or 88.2 
per cent, represent papers in German journals, 
monographs, or theses, whereas the remaining 
references are distributed as follows: Ameri- 
can, 43 (5.2 per cent); French, 18 (2.2 per 
cent); Scandinavian, 13 (1.6 per cent); Brit- 
ish, 10 (1.2 per cent); Italian, 4 (0.5 per 
cent); Argentine, 3 (0.4 per cent); Russian, 
2 (0.3 per cent); and Swiss, Belgian, Hun- 
garian, and Chinese each 1 (0.1 per cent). 

Although many of the statements in Birger’s 
book express opinions held by him and his co- 
workers, which are not substantiated in the 
presentation, the majority of the statements 
are either based on data quoted or given in 
the text or refer to publications to which ref- 
erence in the literature is given. 

The description of the clinical features of the 
diseases as occurring in old individuals is in- 
complete, but the chapters contain many iso- 
lated interesting observations and comments. 
The paragraphs on therapeutics seem to the 
reviewer to be the least interesting feature of 
the book. 

In spite of some criticism of this monograph, 
the important fact remains that the book con- 
tains a large body of valuable data derived 
from journals usually not covered completely 
by American textbooks, many of which would 


seem to be of decisive importance. As an ex- 
ample, a curve on page 337 gives the incidence 
of hypertrophic arthritis of the spine in various 
age groups as actually observed in autopsies 
on 4253 successive cases, and the charts on 
page 340 show the frequency of this type of 
arthritis in the shoulder, elbow, knee, and hip 
joints as found in 1000 postmortem studies. 

A similar interest is attached to many of the 
tables and illustrations in the histologic and 
anatomic sections which give values for tissue 
dimensions, analyses of tissue composition, and 
the results of function tests, data either not in- 
cluded in the more generally used textbooks 
in this field or which supplement in a valuable 
manner observations derived in American and 
British laboratories and institutions. 

The slightly different approach to the prob- 
lems, as evidenced from investigational plans 
and from the conclusions drawn from observed 
data, makes several sections of the book quite 
stimulating reading. Although the book in the 
reviewer's opinion does not reach the standard 
of the better American textbooks, Biirger’s 
book raises the question of whether it might 
not be advantageous to encourage other for- 
eigners to compose a similar comprehensive 
review of the gerontologic literature of their 
respective countries. Such reviews would un- 
doubtedly uncover a volume of valuable data 
at the present accessible only in the native lan- 
guages and not replaceable merely by lists of 
literature references from such countries. 

There are several misprints in the book, 
especially in the references to non-German lit- 
erature, and also some editorial errors (for in- 
stance, the description in the legend to figure 
144 of the colors shown by the various tissue 
components in the histophotograph, in spite of 
the fact that the figure is presented in black 
and white), but on the whole the presentation 
is correct and the tables and illustrations easily 
understandable. 

As an introduction to German contributions 
in the field of gerontology the book can be 
recommended. 


J. E. Kirk 
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CONFERENCE STUDIES ON AGING 


PLANNING THE OLDER YEARS, edited 
by Wilma Donahue and Clark Tibbetts, Uni- 
versity of Michigan Press, Ann Arbor, 1950, 
248 pages, $2.50. 


This book, a companion volume to Living in 
the Later Years, does its bit—a good bit—to 
correct the inattention to the advancing years; 
and it is especially valuable in showing the 
community’s responsibility to plan for the old 
age of its members. Of this many sided social 
problem, facet after facet fronts on an area 
where the individual can do little alone, and 
where only public policy can and should con- 
trol. Housing and employment come first to 
mind as illustrations. 

This point of view, which is implicit in most 
of the studies, is a hearty rebuttal to a few 
writers and speakers who would solve the prob- 
lem by leaving it to each individual and, in 
general, invoke the social and economic values 
of a period when only 3 per cent, instead of 
8 per cent, of the population actually reached 
what we now consider old age—the 65-and- 
over bench mark. The thesis is by no means 
uniform in this collection, but it is supported 
variously by Ollie A. Randall (talking of living 
arrangements ) ; Coleman Woodbury (on cur- 
rent housing developments) ; Henry S. Curtis 
(on almshouses, poorhouses, and infirmaries) ; 
Robert J. Havighurst (on public attitudes to- 
ward various activities); Ewan Clague (on 
social and economic problems of employment) ; 
and Harry Becker’s piece on labor’s stake in 
employment and retirement. 

In one way or another there is a refreshing 
emphasis on the kind of atmosphere that helps 
a happy old age. The need of aged people to 
work constructively, to be wanted, to be effec- 
tive, and so on, is implicit throughout the warm 
tone of the work. These studies are not the 
kind that leaves old age a well-analyzed but 
desiccated husk. Old age in these essays is a 


lively, livable period, with a bright eye on the 
future. At the same time, the reader is spared 
the sentimental approach of “Come, grow old 
along with me—” 

Most of these essays could be read with 
profit by community planners, by the clergy, 
the more realistic law makers, altogether too 
many social workers, and perhaps even some 
physicians. Although no volume of this nuture 
can contain everything—and, after all, a good 
deal that is omitted is contained in its com- 
panion volume—a reader misses a more specific 
and frank approach to health and medical care. 
There is very little exactly and explicitly to the 
point, particularly when one remembers the re- 
sponsibility that seems to be placed on the com- 
munity as a whole in problems of aging. The 
index, usually a fair inventory to correct a 
reader’s bias, shows one paragraph on health 
(as “health security”) and two pages on “dis- 
eases of old age, research on”—but the index 
goes farther in other headings, since in another 
place there is a paragraph on the extraordi- 
narily valuable and productive research in ger- 
ontology carried on at Washington University. 
In extenuation of this minimum attention, it is 
possible that many of the social aspects dealt 
with in this book do have a bearing on the 
health of the aged person. 

An error that appears in thé introduction 
by the editors should not be taken to represent 
the level of editing care and accuracy. On 
Page 4 the editors say “. . . in this year of 
1950, twenty-one million Americans will be 
sixty-five years of age and over...” On page 
193 Ewan Clague puts this population figure 
close to the year 2000—“By the year 2000, we 
can expect that about twenty-one and one-half 
million persons [will be 65 or over].” Mr. 
Clague is the more careful and reliable in his 
source, and his version is to be preferred. 


Louis TowLey 
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BOOKS 183 


REPORT ON A CONFERENCE 


LIVING THE LATER YEARS, Proceed- 
ings of a Conference on Old Age. Marshall 
College and the Civic Organizations of Hunt- 
ington, West Virginia, June 20-21, 1950, 162 
pages, paperbound. 


This volume adds another book to the rapid- 
ly growing library of reports on conferences 
on aging. It is difficult in such conferences 
to give equal emphasis to all aspects of aging. 
For its part, the Marshall College conference 
seems to have stressed the social and economic, 


rather than the physical, aspects of old age. 
Those who do not have access to the present- 
ly out-of-print materials published by the New 
York State Legislative Committee on Problems 
of Aging will find Walter S. Corrie’s summary 
of these reports very helpful. Several of the 
other papers particularly those by Clark Tib- 
bitts, R. Clyde White, and Dr. Theodore G. 
Klumpp should be useful supplementary ma- 
terials in adult education programs on aging. 


E. SHANAS 


BOOKS RECEIVED 


Books received since December 1, 1950, are 
acknowledged in the following list. In so far 
as space and time permit, some will be selected 
for review in a later issue, but it is unlikely 
that all will be reviewed. 


Altern und Krankheit, by Max Birger, Georg 
Thieme, Leipzig, 1947, 413 pages, 38 RM. Review- 
ed in this issue, page 180. 

Burden of Diseases in the U. S., by Alfred E. Cohn 
and Claire Lingg, Oxford University Press, New 
York, 1950, 129 pages, 5 separate color charts, 
$10.00. 

Living the Later Years, Proceedings of a Conference 
on Old Age, Marshall College and the Civic Organ- 
ization of Huntington, West Virginia, June 20-21, 
1950, 162 pages, offset printed. 

Memo to Mature Workers re: How to Get a Job, 
published by the New York State Joint Legislative 
Committee on Problems of the Aging, 16 page 
pamphlet, single copies free. 

Resources of Old-Age and Survivors Insurance Bene- 
ficiaries in Philadelphia and Baltimore, 1949, Federal 
Security Agency, Social Security Administration, 
Bureau of Old-Age and Survivors Insurance, Divi- 


sion of Program Analysis, May, 1950, 33 pages, 
photo offset printed, paper bound. 

Social and Biological Challenge of Our Aging Popula- 
tion, Proceedings of the Eastern States Health Ed- 
ucation Conference, March 31-April 1, 1949, Colum- 
bia University Press, New York, 1950, 183 pages, 
$2.75. 

Surveying Community Needs and Resources for Care 
of the Chronically Ill, The Institute of Medicine of 
Chicago, The Central Service for the Chronically 
Ill, 343 South Dearborn Street, Chicago 4, 1650, 
25 page pamphlet, 4o¢. 

Tables of Working Life. Length of Working Life 
for Men, Bulletin No. 1001, U. S. Department of 
Labor, Bureau of Labor Statistics, August, 1950, 
74 pages, paper bound, offset printed, for sale by 
the Superintendent of Documents, U. S. Govern- 
ment Printing Office, Washington, D. C., 40¢. Re- 
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Terminal Care for Cancer Patients, A Study of the 
Facilities and Services Available and Needed for 
the Terminal Care of Cancer Patients, The Institute 
of Medicine of Chicago, The Central Service for 
the Chronically Ill, 343 South Dearborn Street, 
Chicago 4, 1950, 211 pages, paper bound, $1.25. 
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